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XLS Series Precision Bearings 




















Advantages 
@ Have unusually large bores compared to outside diamel: 


@ Provide utmost in accuracy, rigidity, and load capacity + 
(radial and thrust) 


e@ Are compact, light in weight 


e Allow greater freedom in design. In many cases these bea 
ings provide the only solution where space is at a premiut 





Norma-Hoffmann “XLS” Extra Light Inch Series Ball Beso; 
ings provide engineers and designers the advantage 
high anti-friction performance plus space saving. The 
are ideal for hollow shafts. 

These bearings are self-contained, non-separable . 
are suitable for combined radial and thrust loads | 
either direction. They are available in sizes from 1% 
to 22%” bore. Our Field Engineers will gladly help y4 
with your bearing problems. Write for their assistond 
and catalog. 












NORMA-HOFFMANN 


NORMA-HOFFMANN BEARINGS CORPORATION (OE BEARINGS 
Founded in 1911 STAMFORD, CONNECTICUT re BALL © ROLLER © THRUST, 
FIELD OFFICES: 
Atlanta + Chicago + Cincinnati + Cleveland + Dallas + Denver + Detroit + Kansas City + Los Angeles + San Francisco + 5? 
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An Advanced Conception of Valving by Ross! 


e Direct solenoid operated, balanced spool ¢ Working surfaces almost as hard as a diamond. 
4-Way—for air or oil service. 


e Engineered and built to tolerances of .0001”. 


e Conforms to JIC standards. 


e Small and compact—7%4" by 3/2” by 37%”. 
Ya" diameter flow capacity. 


e Available with ¥%4” or ¥" pipe tap for inline, 
manifold or base mounted; single solenoid 

e Made of aluminum—single solenoid, base spring return, double solenoid momentary; 
mounted weighs only 3¥2 lbs. double solenoid three position. 


e Complete valve cycle within 0.033 sec. 


Write, wire or phone for complete information 


Tomorrow's EnginAlRing Delivered Today. ..Anywhere 
we C§§8 OPERATING VALVE COMPANY 
ant , ° , { 


109 E. GOLDEN GATE AVENUE + DETROIT 3. * MICHIGAN 
i i vines J 
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GOODYEAR INDUSTRIAL PRODUCTS M 
ege F 
@-Specified 
Torsional rubber spring for Truck and Tractor Seats e 
- Special, tough rubber Pe 
compound to withstand 
constant torque Br 
Pi 
- Strong rubber-to-metal 
bonds 
3. Top Plate Assembly 
. Base Plate Assembly 
Ss. Flanged Bearing 
R 
E 
— 78 k 7 
G.T.M. helps give “passenger car” ride to trucks and tractors | . 
M 
A “PASSENGER CAR” ride from trucks and tractors vehicles on which they are installed. H 
is now possible with a new type of seat which ‘The GTM. was consulted on this particular prob- N 
embodies a unique suspension system. lem because of his broad experience in getting the Es 
Heart of this system is a set of torsional rubber most out of molded rubber in virtually any indus- th 
springs developed with the close help of the G.T.M. trial application. Whether your problem involves . 
—Goodyear Technical Man. These husky cylinders torsional rubber springs or engine mounts or 
of rubber are especially compounded and precision- gaskets or rolls or bumpers or diaphragms or some- me 
molded, then mounted under torsion to level out thing completely new, you'll find it pays to talk to - 
vibrations five times as effectively as conventional the G.T.M. It’s easily done by writing Goodyear, 
springs. Moreover, they have proved to be unaf- Industrial Products Division, St. Marys, Ohio, or 
fected by climatic changes and as durable as the Akron 16, Ohio. 
MOLDED GOODS by F 
GOOD, YEAR 
Va : 
pee 
THE GREATEST NAME IN RUBBER pro 
Sia 
IT’S SMART TO DO BUSINESS with your Goodyear Distributor. He can give you fast, dependable service on = 
Hose, V-Belts, Flat Belts and many other industrial rubber and nonrubber supplies. Look for him in the Bld 
Yellow Pages under “Rubber Goods” or “Rubber Products.” 7 
plec 
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Getting more service hours per dollar 


HOW TO SPECIFY 
FLEXIBLE METAL HOSE 


3 simple steps can help you select metal hose 
for best results and longer service life 





The important job of selecting the most economical, the 2 Use standard metal hose where possible 
one right flexible metal hose for your product or trans- 


fer proble m can be greatly simplified by following 


Many standard connectors have been developed to 
meet problems common to many finished products—i.e., 

vibration. Often a standard metal hose will answer your 
needs as well as a special item could. We can often save 


these 3 steps: 


1 Send exact specifications 

Complete and exact statement of operating conditions 

will go far in saving you money on flexible metal hose. 
First, it assures you that the connector you get will 

live up to your expectations. And, second, that manufac- 

turers won't bid on hose that’s “over-engineered.” You'll 

save in the long run because you'll get the right assem- 


vou money if we know operating requirements. 


3 Call the Man from Anaconda to help you 

select, specify, test 
When selecting or specifying flexible metal hose, you'll 
find American's staff of trained engineers of invaluable 
; assistance. Their advice and suggestions may help you 
bly tor every job. : be , . 

‘ een Xt solve or avoid many costly problems. 

Here is the information we need before we can give . : 
NEW INFORMATION 
American Flexible Metal Hose and Tubing Catalog 
puts all the information you are looking for—both tech- 


you our best suggestions: 


A PHYSICAL REQUIREMENTS: 
1) Over-all length (including fittings) 
2) Diameter (1.D. and O.D.) 
3) Fittings—size, type, style of thread 
4) Tolerances permitted 
5) Quantity required 


B OPERATING REQUIREMENTS: { 
1) Material to be conveyed 
2) Operating pressures—is there shock? 
3) Operating temperatures 
4) Movement—lateral and longitudinal 
5) Vibration conditions? 
6) Expansion and contraction requirements? 


nical and general at your fingertips. 
today, free of charge. Mail coupon below. °° -gei7t 


Get your copy 


REVER CONNe 
ve “TORS muycy mont 


AMERICAN 


FLEXIBLE METAL HOSE AND TUBING 


,an ANACONDA product 








io wn oe ee. ae | 





7) Corrosive atmosphere? 


Send sketch of proposed installation if available. 








_ THE AMERICAN BRASS COMPANY | 
| American Metal Hose Division, Waterbury 20, Conn. | 
Please send me your free Quick Reference Catalog | 
BASIC TYPES CC-400 containing basic information on all types of | 
| metal hose and tubing, fittings, ete. | 
CORRUGATED and | | 
STRIP-WOUND. In a |  Prerrr Ter rrr re rr cere err Tet et l 
wide range of sizes | aneenes 

and styles in any 
workable metal. \ | COMPANY | 
rious fittings. | | 
| CITY, ZONE, STATE | 
a a a a el al ai 
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NUCLEAR THER’ 
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EARTH-SATELLITE NAVIGATION AID, called Astro, is conceived by 
Chrysler Corp. Missile Operations. This vehicle would be about 2 ft in diam- 
eter; follow an orbit 600 miles from earth; travel 276 miles per minute. 
Eight antennae on Astro would transmit a radio signal from a power source 
of 1 lb of strontium-90 combined with an yterrium isotope. Three Astros 
would be fired into space 8 hrs apart to provide a signal at any point on 
earth every 105 minutes. Astro almanac would be key to the navigation system. 





Produce Smallest 
Servomotor and Generator 


Dime-Size Units 
For Standard Voltages 


WoRCESTER, PA.—A 3%4-in. diam 
servomotor and motor-driven in- 
duction generator are announced by 
the Transicoil Corp. as the small- 
est ever produced for practical ap- 
plication. Despite their small size, 
the units can be wound for stand- 
ard voltages and push-pull applica- 
tion. 

These units exhibit character- 
istics comparable to those which 
were previously the smallest avail- 
able, but are 40 per cent lighter in 
weight and 10 per cent smaller in 
diameter. In keeping with the 
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an_all-transistor 


size, 
amplifier has been developed to 
power the servo combination. 

The control motor operates on 
26 to 52 v, 400 cycles at a free 
speed of 7600 rpm and has a stall 


miniature 


torque of 0.20-oz-in. Power out- 
put is 0.293-w. The generator de- 
livers 0.3 v at 1000 rpm. Power 
input is 1.8 w. 


Conveyor System Is 
Magnetic Tape-Controlled 


Automatic Warehousing 
Featured in AF Depots 


ST. PAUL, MINN.—-A magnetic tape- 
controlled conveyor system that 
automatically discharges packages 
in any desired sequence at from 2 
to 20 stations has been installed at 
Air Force supply depots over the 
country. Called ASSET — Auto- 
matic Selected Station Electronic 
Timer — the tape-controlled units 
are claimed the first of their kind. 
They were developed and installed 
by the A. J. Bayer Co., Los An- 
geles, and use 35-mm magnetic film 
made by Minnesota Mining and 
Mfg. Co. Savings of time and mon- 
ey are claimed for ASSET units 
operated at seven Air Force bases. 

The ASSET system is designed 
for use on_ transportation-dis- 
charge conveyors—for shunting 
off packages, cartons, boxes or 
crates from a main conveyor line 
to a series of branch conveyors. 

A single operator at the loading 
end of the conveyor notes the type 
of goods contained in each package 
as it approaches, decides to which 
warehouse area it should go, and 
then pushes a selector button for 
the discharge point. 

The moving package interrupts 
the beam of a photoelectric cell at 
the side of the conveyor near the 
operator. The magnetic tape mem- 
ory automatically routes each 
package to the appropriate branch 
conveyor, centering each package 
on its conveyor and requiring no 
further attention from the oper- 
ator. 

The ASSET system is essential- 
ly a magnetic tape scale model of 
the actual conveyor layout. : An 
end'ess loop of magnetic tape rep- 
resents the endless belt-type con- 
veyor. The conveyor and tape are 
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PERIOD PIECES recently presented to the Smithsonian Institution by the 
General Electric Co. are some of the first true diamonds made by man. Focal 
point of the Smithsonian exhibit is the cluster above, about 1/ in. diameter, 
compared for size with a Rockwell hardness tester point. Simultaneous 
with the presentation, GE revealed limited production of diamonds in its 
Detroit pilot plant and steady progress in cost reduction. A $200-million 
annual business is foreseen in ten years. 





synchronized, but the tape is 
geared down 6-to-1 from the con- 
veyor speed of 48 fpm. 

A package placed on the con- 
veyor is represented by an impulse 
recorded on the tape. A branch 
conveyor a specific distance down 
the main conveyor is represented 
on the tape by a playback, or pick- 
up, head mounted a proportionate 
distance down the tape from the 
record head. 

Ten recording heads can use one 
tape. If more than 10 stations are 
to be handled, a second or third 
tape layout is added to the panel 
providing for the additional dis- 
charge points. 


Conveyors Prove Efficient 
In Handling Carbon Black 


Zipper Type Rubber Belt 
Minimizes Dirt 


TUSCALOOSA, ALA.—Carbon black, 
in the form of pellets, is carried to 
storage bins by a zipper belt con- 
veyor in a new B. F. Goodrich in- 
stallation. A similar method has 
been used successfully at the com- 
pany’s Akron plant. 

The procedure employs a 
Stephens-Adamson zipper belt-con- 
veyor-elevator that moves the car- 
bon pellets without damaging their 





physical structure. Dirt usually 
associated with handling carbon 
black is kept to a minimum. The 
rubber belt closes to form a snug 
tube around the material and moves 
with it to the discharge point. It 











Zipper conveyor belt shown at open- 
ing or closing point, left, and in 
cross-section, right. 


is zipped open at the storage tank 
and returns flat. 

Two belts totalling almost 290 ft 
carry approximately 9 tons of car- 
bon black an hour at the Tusca- 
loosa installation. The first belt 
follows a horizontal, vertical and 
inclined path to move the material 
to the top of a storage bin, about 
80 ft above the ground. At that 
point the black can be discharged 
or chuted to a second belt that 
carries it to additional storage 
tanks. 


Casts Threads Directly 
Into Gray Iron 


Use of Inserts 
Eliminates Machining 


BROCKTON, Mass.—A method of 
producing gray-iron castings with 
integral stainless-steel threads has 
been developed by Le _ Baron 
Foundry Co. The new process elimi- 
nates conventional drilling and 
tapping. 

Cores are baked inside stainless- 
steel wire-thread inserts, the in- 
serts are placed in the mold, and 
the casting is made. Blast clean- 





Front Cover 


The basic building blocks of design 
are engineering materials. As a theme 
for the front cover, artist George 
Farnsworth has used a building-block 
pattern of typical material cross sec- 
tions combined with topics suggest- 
ing the articles in this Special Issue 
on Engineering Materials. 
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WITH OILGEAR 


Meeting speed, control and precise per- 
formance requirements of today’s U. S. 
Tanks, Howitzers and Anti-Aircraft Guns 
is a “Natural” for Oilgear ANY-SPEED 
Fluid Power Components. 

Gunners in Sherman, Pershing and Pat- 
| ton tanks experienced the advantages of 
rapid fluid power slewing and precise fluid 
power tracking of the turret and gun 360° 
in either direction. They appreciated the 
value of Oilgear fluid power that obeyed 
a light twist of the wrist. Likewise, those 
manning America’s most effective 40 mm 
anti-aircraft guns, recognized the impor- 
| tance of automatic, self-synchronizing Oil- 
gear fluid power drives for rapid slewing 
and precise tracking of the carriage 360° 
in either direction and the rapid, accurate 
elevating and depressing of the gun for 
quick homing on the target and following it. 

Therefore, when today’s new combat 
vehicles with far greater fire power and 
accuracy were planned, Oilgear ANY- 
SPEED Fluid Power Drives were a “Natur- 
al" for both turret traverse and gun eleva- 
tion. They met the demands for accurate 
control over speed ranges up to 4000:1. 
They provided unbelievably low tracking 
speeds under precise response without 
overrun or drift. They stayed on the target 


FLUID POWER 


for repetitive shots. No wonder, one men’s 
magazine calls the new Oilgear equipped 
M47 “the sharpest shooting tank any- 
where today.” That’s why Oilgear ANY- 
SPEED fluid power drives are a “Natural” 
on the wide variety of U. S. combat 
vehicles. 

Don't you think it is time for you to look 
with wide open eyes at Oilgear Fluid Pow- 
er Pumps, Motors and Transmissions for 
your machines... to better the performance 
of an already good machine? To solve a 
seemingly “impossible” design problem? 
To synchronize machine units easily and 
economically? To weed out trouble and 
cut maintenance and down time to a sur- 
prisingly low level? Counsel with an Oil- 
gear Engineering Representative will cost 
you nothing, may benefit you greatly. THE 
OILGEAR COMPANY, 1568 W. Pierce St., 
Milwaukee 4, Wisconsin. 


OILG 











U.S. Army Photograph 


Quick on the bull’s-eye and stay there 





OILGEA 
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ing removes the cores from inside 
the inserts, leaving the threads. 
A special insert for this casting- 
in process was developed by Heli- 
Coil Corp. The coils are wound in 
tight contact with each other to 


prevent hot metal from penetrating 
to the inside of the insert, and to 
maintain correct thread pitch. The 
metal flows around the outside of 
the inserts to form a bond that ap- 
proximates actual fusion. 





Y/o 


Machine Design 


Birst Awa rd 


for 


Gditorial Achievement 
in the Cighteenth Annual 
Gditorial Competition 


Conducted by 


INDUSTRIAL MARKETING 


PLAQUE FOR THE BEST SINGLE ARTICLE entered in the industrial 
publications division of the 18th Annual Business Paper Editorial Achieve- 
ment Competition was awarded to Machine Design for “When to Specify 
Special Motors.” This article appeared in the November, 1955, issue. MD 
also won a certificate of merit for the best series of articles, the series on 
“Adjustable-Speed Drives,” which appeared in the October 1954, issue and 
the April, June and October, 1955, issues. 





New Lubes for Aircraft 
Will Take the Heat 


For Use With Metals 
That Work At 2000 F 


Los ANGELES, CALIF. seneral 
Electric laboratories claim to be 
“on the doorstep” of finding high- 
temperature aircraft lubricants 
that will operate between 1000 and 
2000 F. The absence of a lubri- 
cant with this property has been 
said the most critical bottleneck in 
developing planes to exceed pres- 
ent speed records. 

Announcing the development, 
Dr. Donald F. Wilcock of GE said 
“we have metals that will function 
up to 2000 degrees F but we've 
never had a fluid lubricant that 


would keep pace. Today the up- 
per limit is around 500 degrees in 
aircraft hydraulic systems and 
around 350 in bearings. Silicone 
fluids can take up to 600 degrees, 
or at the most 700.” 

The new compounds, it is said, 
will flow at red heat and will open 
up new horizons in aircraft engine 
design. They will apply to both 
hydraulic systems and bearing 
systems. 

“Some of these compounds,” Dr. 
Wilcock said, “have such a fan- 
tastically high boiling point that 
they will actually freeze at tem- 
peratures around 400 degrees. This 
is all the more incredible when you 
consider that this is in the range 
where some present lubricants 
boil. The challenge to the struc- 





Topics 


Testing a vertically positioned 
jet engine has been accomplished 
in Ryan Aeronautical Company’s 
new jet test cell. The test unit, 
designed primarily for develop- 
ment of vertical take-off and land- 
ing projects, has facilities for both 
vertical and horizontal operation 
of jet engines. 

7 + 

Automatic machinery tells New 
York subway riders where to get 
off. A machine in the Times 
Square station produces—a few 
seconds after the correct button is 
pressed—a slip of paper with 
printed directions for reaching any 
other subway station, theaters, 
restaurants, department stores, 
points of interest and_ special 
events. 

e ° o 

Gasoline blended at the pump to 
suit high or low octane rating re- 
quirements is offered by Sun Oil 
Co. in its Florida service stations. 
Regular gasoline and a _ concen- 
trate are mixed in proportions de- 
termined by a dial setting on the 
pump to produce one of five 
grades of fuel. 

* e 2 

New member of ASME, Presi- 
dent Eisenhower recently accepted 
an honorary membership in the 
society 

° ° ° 

Models of super high-speed mis- 
siles will be tested by being shot 
from a gun that can fire objects 
the size of golf balls at a speed of 
almost 7000 mph. A working mod- 
el of the 16-ft long, 40-mm gun is 
now at the Naval Ordnance Lab- 
oratory, and the gun itself is un- 
der test at Dahlgren Proving 
Grounds. 

e s ” 

A member of the Joint Atomic 
Energy Committee is quoted as 
saying that the United States is 
“on the threshold” of producing 
an atomic-powered plane that can 
circle the globe without refuel- 
ing. Stepping over the threshold 
into an “economical” atomic plane 
will take from two to five years, 
he believes. 

* e o 

They sure don’t build ’em like 
they used to. The average life- 
time of motor vehicles has doubled 
since 1930. Cars and trucks now 
average 13.8 years of useful serv- 
ice, and average mileage is 122,- 
000. 
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A few COMPO E 


BEARING MATERIAL 


SAVES UP TO 40% ON BEARING Se 


COSTS COMBINES THE ADVAN- | 
TAGES OF BOTH BRONZE & IRON e 

SUPPLIES “BUILT-IN” LUBRICATION 

OF 23% BY VOLUME e INSTALLS AS oni 
EASILY AS HIGHER-PRICED BRONZE | 
BEARINGS OPERATES AT SHAFT | 
SPEEDS UP TO 3500 RPM e AN 
EXCLUSIVE BOUND BROOK MATERIAL lig 





BACKED BY 73 YEARS’ EXPERIENCE 


write today for complete data 


BOUND BROOK “7 


Ficnttt iA 
POWDER METALLURGY BEARINGS + PARTS 
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tural organic chemist is to design 
these stable high-boiling molecules 
so that they will be fluid at lower 
temperatures, and so that they will 
have the ‘oiliness’ characteristic 
necessary for many vital applica- 
tions.” 


Super Bolts of Steel Have 
New High Tensile Limit 


Even Tougher Aircraft 
Fasteners to Come 








JENKINTOWN, PA. New steel 
bolts with tensile strength from 
220,000 to 240,000 psi have been 
announced recently by the Stand- 
ard Pressed Steel Co. Designated 
EWB-22, the new bolts have broad 
applications, but were made pri- 
marily for aircraft. Their strength 
is said to be the highest yet at- 
tained in a threaded fastener— 














about 40 per cent greater than 
that of the best aircraft standards 
(MS-20004 series) now used. 

The bolts also have a minimum 
shear strength of 130,000 psi as 
compared to 95,000 psi for cur- 
rent aircraft shear bolts. Fatigue 
strength is also improved—78 per 
cent greater than present aircraft 
standards. Further development 
by Standard Pressed Steel is aimed 
at a tensile limit of 300,000 psi. 

Other components of fastener 
assemblies using the new bolts are 
automatic preload-indicating wash- 
ers, and high-strength external- 
wrenching locknuts. 
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ATOM BULLETS MAKE BOUNCY GUM is the recent discovery of West- 


inghouse researchers. Their process uses 2-million-volt electrons to convert 
silicone gum into silicone rubber in 2 seconds where conventional vulcanizing 
methods take several hours. Westinghouse says the process duplicates the 
good features of chemical vulcanization but is not ready for commercial use 





Navy Finds Pump and Hose 
Best for Fueling Aircraft 


Air-to-Air Refueling 
Methods Systemized 


WASHINGTON, D. C. — Aerial in- 
flight refueling has become the 
Navy’s current answer to extend- 
ing the range of carrier-based jet 
planes. With many satisfactory 
tests under different conditions 
completed, the Navy has decided 
on three basic types of tankers, 
and it favors the pump and hose 
rather than the rigid tube method 
of fuel transfer. 

The three basic tanker types are 
the (1) Strike Tanker, (2) Sus- 
taining Tanker, and (3) the Large 
Tanker. 

The Strike Tanker is used for 
the primary purpose of range ex- 





tension on attack missions. In- 
cluded in this category is the 
“Buddy” tanker which involves the 
conversion of a jet fighter or at- 
tack aircraft. The striking plane 
and its buddy tanker, the same 
model airplane, are launched to- 
gether and proceed toward the 
target. Over half way, the tanker 
transfers part of its fuel to the 
other plane. The tanker then re- 
turns to the ship while the strike 
aircraft continues to the target. 


The’ carrier-based Sustaining 
Tanker is used to extend the en- 
durance of defensive aircraft and 
to refuel aircraft in emergency 
situations. This tanker is readily 
convertible by installation of an 
air refueling package. Should a 
curtain of fog drop over an air- 
craft carrier while its planes are 
airborne, it would be possible to 
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Parts molded of C-11 Plastics for 
international Business Machines Corp., New York 22. N. Y 


Why IBM chose C1 plastics ni spe 


key buttons, platen knobs, space bars, and switch levers 


Typewriter parts that are most on view 
get the most abuse. But they never show 
it on this new electric typewriter. But- 
tons, keys, switches, and bars are all 
molded of BAKELITE Brand C-11 Plastic, 
a styrene-acrylonitrile copolymer. 

C-11 replaced older materials because 
it resists staining by ink, oil, carbon pa- 
per, and cleaning fluid. It withstands 
abrasion by operators’ fingernails. 

BakELITE C-]] Plastic produces parts 
that are formed with a high degree of 
uniformity and accuracy and do not warp 


or swell. The white characters on the 
keys illustrate this feature. The outer 
block of gray C-11 is molded hollow, 
with the character opening through to 
the top. An insert of white C-11 is molded 
into it from the under side, and formed 
with a slot to fit the key arm. Notice the 
clean details of this two-shot molding. 

BAKELITE C-11 Plastics have the com- 
bination of molding accuracy, toughness, 
eye-appeal, and chemical resistance that 
you may want for your product or part. 
To learn more, write Dept. PN-103. 








BAKELITE 


BRAND 


C-11 PLASTICS 








See BAKELITE’S exhibit, booths #809, 813, 817, 825, National Plastics Exposition, June 11-15, 1956, New York Coliseum, New York 


BAKELITE COMPANY, A Division of Union Carbide and Carbon Corporation [[{§ 30 East 42nd Street, New York 17, N. Y. 


In Canada : Bakelite Company, Division of Union Carbide Canada Limited, Belleville, Ontario 
The term Bake ite and the Trefoil Symbol are registered trade-marks of UCC 
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STEEL SLABS FLOAT ON AIR in the heavy press department of Northrop 
Aircraft. Tool engineers have employed pneumatic principles to move a 
transfer plate and die with combined weight of 1000 Ib. Six evenly spaced 
\-in. holes inject air at 100 psi against a hydraulic press table to lift the 
cooling plate. Operators then move the die under the press easily. 





refuel the thirsty jet aircraft from 
the Sustaining Tanker. 

The large Tanker, presently the 
Convair R3Y Tradewinds, affords 
the ability to exploit all the uses 
of air refueling. It can refuel as 
many as four fighter aircraft at 
the same time and can deliver huge 
quantities of fuel over great dis- 
tances 


Mesh Mist Eliminator 
Has Herringbone Pattern 


ROSELLE, N. J.—A new type of 
wire mesh entrainment separator, 
knitted from Monel nickel-copper 
alloy wire for use in corrosive en- 
vironments, has been developed by 
the Metal Textile Corp. The wires 
are folded in a herringbone pattern 
thereby exposing more area for 
impingement than other designs. 

The improved mesh, designated 
“Hi-Thruput Herringboned Mist 
Eliminator”, is said to be eco- 
nomical in drying gaseous streams 
and more efficient in preventing 
valuable or troublesome products 
from going up the stack. 
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After herring-boning, the wires 
of the mesh touch only on the top 
of the crimps in each ply. Large 
areas of wire surface are free and 
usable for impingement. 


High temperature symposium, 
entitled “High Temperature — A 
Tool for the Future,” will be held 
June 25, 26 and 27 on the Berke- 
ley campus of the University of 
California. The symposium’s three 
sessions will be devoted to meth- 
ods of reaching high temperatures, 
materials for use at high tempera- 
tures and processes involved in the 
uses of high temperatures. Spon- 
sors are Stanford Research Insti- 
tute and the University of Cali- 
fornia. 


Adopt New Standard 
For Reinforced Plastics 


Covers Glass-Mat Laminate 


NEw York, N. Y.—A new standard 
reinforced-plastic sheet laminate 
for mechanical and electrical ap- 
plications has been adopted. The 
standard covers a general-purpose 
grade of polyester glass-mat sheet 
laminates. Sponsoring organiza- 
tions are National Electrical Manu- 
facturers Association, the Ameri- 
can Society for Testing Materials 
and the Society of the Plastics 
Industry Inc. 

Increasing use of this new high- 
impact sheet material by electrical 
equipment manufacturers led to 
the formation of special commit- 
tees in each of these organizations 
to study industry’s needs and to 
create uniform standards. 

The new standard specifies con- 
trol values for essential physical 
and electrical properties for a glass- 
mat reinforced polyester plastic 
sheet laminate intended for use at 
elevated temperatures as required 
of Class B electrical insulation. It 
covers only the most essential and 
most easily measured properties 
More items may be added to the 
controlling standards as more in- 
formation becomes available. 


Inventors Council Poses 
Current Problems 


Materials and Devices 
Needed by Armed Forces 


WASHINGTON, D. C.—-The National 
Inventors Council, created in 1940, 
has periodically issued lists of 
problems to which the Armed 
Forces are seeking solutions. The 
current list, like its predecessors, 
is intended to stimulate creative 
thinking along lines beneficial to 
the nation’s defense effort. 

The problems are of two general 
kinds: (1) descriptions of general 
areas in which technological ad- 
vances are desired, and (2) spe- 
cific problems. For the second 
type, Inventors Council may be 
able to supply information beyond 
the statement of the problem if 
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B.EGoodrich RIVNUTS 


save time, cut costs by eliminating 
welding, tapping, cleaning 


B. F. GOODRICH RIVNUTS cut costs and speed 
assembly by providing a firm, accurate nutplate in 
one operation! 

This fastening job on Warner & Swasey’s Multi- 
Purpose Gradall used to take five operations. Oil reser- 
voir housings had to be detoured from the assembly 
line to weld four nutplates on the inside. Then they 
were drilled, tapped and cleaned before the cover could 
be attached. By switching to Rivnuts, welding, tapping 
and cleaning were eliminated. 

Now one worker installs Rivnuts from one side in 
seconds. Assembly flow is straightline. Fastening time 















COVER PLATE 
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i RESERVOIR is Cut in half. , 

4 HOUSING B. F. Goodrich Rivnuts have speeded up thousands 
7 of fastening jobs and eliminated costly steps. They can 
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do the same for you. Get more information or engi- 
neering help by writing: Rivnut Sales, B. F. Goodrich 
Tire & Equipment Company, a Division of The B. F. 
Goodrich Company, Akron, Ohio. 


RIVNUT 
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OLD WAY WITH RIVNUTS 


1 Weld 4 nut platestoinside 1 Punch holes in housing 
of housing 






2 Insert Rivnuts and upset 


2 Drill 3 Attach cover with bolts 
3 Tap 







4 Clean 








& Attach cover with bolts 
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RIVNUT 


THE ONLY ONE-PIECE BLIND RIVET WITH THREADS 





HOW RIVNUTS PROVIDE AT LEAST 6 CLEAN 
THREADS IN ONE SIMPLE OPERATION: 





SEND NOW FOR FREE 
RIVNUT DEMONSTRATOR 


Demonstrates with motion how 
you can use Rivnuts to fasten 
WITH and TO. Explains con- 
struction, simplicity of installa- 

















T Rivnut is threaded 2 Tool lever operates 3 After upset, Rivnut tion. Get your free copy by writ- 
onto pull-up stud of pull-up stud forming threads are still clean ing to: The B. F. Goodrich Co., 
heading tool, then a bulge in the Rivnut and intact, ready for Dept. MD-5B, Akron, Ohio. 
inserted. shank. screw attachment. 
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pliable sleeves 
for vertical 
applications 























GORTITE 


1 or 1000 


without mold charge! 


ALL SHAPES AND CONTOURS 


pps eg 


Many shapes and contours, like these 
shown here,’are described in a NEW 
bulletin SPC-2: Zippers and special, 
duPont coatings extend the range of 
usefulness for dirt exclusion and lubri- 
Fabricated from 


cant retention. 


duPont (neoprene-base) materials 
GORTITE parts last from 3 to 5 times 
longer than melded rubber. For 
bulletins, layouts, cesigns and esti- 


mates write or wire to— 


® Mfg. Company Inc. 
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details needed are specified. For 
the first type, inventors are on 
their own. 

Anyone may submit proposals in 
any form, but the Council advises 
that proposals should be typed and 
copies retained. Correspondence 


should be addressed: The National 
Inventors Council, U. S. Dept. of 
Commerce, Washington 25, D. C. 

Copies of the current problem 
list can be obtained from the 
Council or Dept. of Commerce Field 
Offices. 
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Compressed air motor on Chesapeake and Ohio “Railvan” raises and lowers 
either truck wheels or rail wheels when changes of operation occur at termi- 


nals and transfer points. 


Truck-Train Van Cuts 
Freight Time and Cost 


Wheels Ride Both 
Rails And Roads 


CLEVELAND, O.—To help _ solve 
twin problems of cost and time in 
moving freight, the Chesapeake 
and Ohio Railway has built a new 
versatile vehicle, the Railvan. 
The new carrier combines the 
features of a truck trailer and rail- 
road box car. Its trailing end car- 
ries both railroad wheels and truck 
tires. To change from road to rail 
operation, the wheels are raised or 
lowered by a compressed air motor 
installed in each van. Railvans 
would be made into trains and 
would also be hauled ind‘vidually 
behind truck tractors. Changing 
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With highway wheels down, Rail- 
van leaves terminal behind conven- 
entional truck tractor. 


operations at terminals does not 
involve handling equipment other 
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than a truck tractor. 

A key feature of Railvan is the 
wheel suspension. Arms support- 
ing both the highway wheels and 
the rail wheels are attached at the 
outer casing of a Goodrich Torsi- 
lastic spring. The spring consists 
of a rubber tube vulcanized to an 
inner stationary tube and outer 
sleeve, providing elasticity through 
deflection of the rubber. By hing- 
ing the highway arm on the spring, 
the rail wheels can provide the 
necessary clearance between the 
rail and the tires. 


Transistor-Equipped 
Switchboard Made for Navy 


ROCHESTER, N. Y.—A transistorized 
all-electronic dial telephone switch- 
board which uses no vacuum tubes 
or mechanical stepping switches 
has been developed by Stromberg- 
Carlson for the Navy. 

In this switchboard, all line find- 
ing, circuit switching, tone signal 
generating, and other functions of 
conventional dial systems, are per- 
formed by transistors or diodes. 
These parts are all germanium 
junction type. This is the first 
such complete _ transistorized 
switchboard public!y announced in 
this country. 

The transistorized switchboard is 
said to have a number of advan- 
tages over conventional electro- 
mechanical switching systems. It 
is compact, and lightweight, re- 
quiring less than half as much 
space as existing systems. It we‘ghs 
about one-quarter as much as a 
typical electromechanical dial sys- 
tem. These factors are especially 
important in shipboard installa- 
tions, where srace and weight must 
be kept to a minimum. 

Since the switching is done elec- 
tronically, the absence of moving 
parts eliminates problems caused 
by dust, wear, corrosion and other 
similar factors which affect e'ec- 
tromechanical systems. If desired, 
transistorized switching systems 
can be completely sealed, or com- 
ponent subassemblies can be sealed 
in plug-in units. 

The transistorized system is ex- 
pected to be virtually maintenance- 


(Continued on Page 22) 
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Controlled tests have proved the remarkable erasing qualities of new Blutex tracing vellum. 


Improved tracing 
vellum erases 
cleaner and faster 


A newly improved vellum called 
Blutex has unusual erasing qualities 
and eliminates “ghosting” on tracings 
and prints. Manufactured by Post, the 
product is a revised formulation of an 
established vellum. 

Chief reason for the cleaner erasing 
qualities is a new combination of 
transparentizing materials used in 
treating the base stock. (The base 
stock itself is exceptionally hard.) 
Unlike many other vellums, Blutex is 








Unretouched photos of pencil lines and era- 
sures on Blutex (top) and another leading 
vellura after identical aging of both sheets. 


treated with 100% synthetic resins 
rather than oils. The carefully selected 





resins provide a “drier” working sur- 
face; dry yet never brittle. This unus- 
ual dryness, combined with an extra 
hard surface, permits faster, cleaner 
erasures. 

The new process also affects the 
future erasability. The materials are 
specifically formulated to resist heat 
and aging. The transparentizing agents 
will not fuse with the graphite lines, 
a common condition in other vellums 
that make erasures difficult. Labora- 
tory tests have shown that Blutex is 
just as erasable after 100 trips through 
a printer as it is when first used. 

Another Blutex advantage is its fine 
drawing quality. The dry surface and 
excellent tooth take dense, opaque 
lines with ease and uniformity. 

In addition to these improvements, 
new Blutex is actually more transpar- 
ent. The new formulation is carefully 
controlled to preserve the stock while 
actually increasing the transparency. 
Testing samples and information on 
Blutex is available from the Reader 
Service Division of the Frederick Post 
Company, ‘052 N. Avondale Avenue, 
Chicago 18. 
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Unlike industrial machinery, farm equipment is exposed 
to everything that nature can throw at it. Soil is the 
element in which farm machines work. They're ex- 
posed to every fury in the book—heat, cold, snow, 
ice, dust. They stand idle much of the time, then go 
to work at an instant’s notice, performing perfectly 
for hundreds of gruelling hours. And they must be 
built against breakdown that interferes with the critical 
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AGRICULTURE -geared to modern production standards 


time schedules of much farm work. 

That gears of our manufacture are specified for so 
many different kinds and makes of farm machinery is 
proof of their rugged ability to perform reliably under 
the most rigorous circumstances. Their daily work on 
America’s farms proves their fitness for service in your 
products or equipment. 

Why not write today for further information? 


FOR AUTOMOTIVE, FARM EQUIPMENT AND GENERAL INDUSTRIAL APPLICATIONS 
GEAR-MAKERS TO LEADING MANUFACTURERS 


Automotive (rear Works. inc 


RICHMOND, INDIANA 
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Editorial and Advertising content classified by subject and listed by page num- 


ber for convenience when studying specific design problems. 


For further 


information on subjects advertised, refer to advertisement and circle Item Num- 


ber on a Yellow Card—following poge. 





Accelerometers, Edit. 176 

Adhesives, Edit. 99; Adv. 199 
Airplane refueling, in flight, Edit. 10 
Aluminum and alloys, Adv. 183 


Balancing machine, Edit. 116 


Bearing materials, Edit. 108; Adv. 9, 
170, 201, 202 


Bearings, ball, Edit. 153; Adv. inside 
front cover, 66 
roller, Edit. 153; Adv. inside front 
cover, 66, 72, 205 
sleeve, Adv. 30, 74, 202 


Belts, conveyor, Edit. 6 

Blowers, Edit. 172 

Books, Edit. 182 

Boots, mechanical, Adv. 14 
Brakes, Adv. 64 

Brass (see copper and alloys) 
Bronze (see copper and alloys) 
Brush holders, Adv. 199 


Cabinets, Adv. 176 
Caps, bushing, Edit. 174 


Carbon and graphite parts, Adv. 30, 
182, 184 


Castings, centrifugal, Adv. 163 
investment, Adv. 27, 50, 63 
iron, Adv. 172 
steel, Adv. 166 


Chain, conveyor, Adv. 41 
transmission, Adv. 41, 177, 186 


Clamps, Edit. 163 

Classified ads, Adv. 156, 187, 201 
Clutches, Edit. 192, 194; Adv. 64 
Coatings, protective, Adv. 199 
Coatings (see finishes) 
Compressors, Adv. 174a 
Connectors, electric, Edit. 156 
Contacts, Adv. 182 

Control panels, Adv. 176 


Controls, automatic, Edit. 5; Adv. 34 
electric, Adv. back cover 


Copper and alloys, Adv. 157, 162, 206 
Corrosion-resistant materials, Edit. 
104 


Counters, Adv. 34 
Couplings, shaft, Adv. 188 


Dimensioning, Edit. 129 
Disassembly, design for, Edit. 130 


Drafting equipment, Edit. 98, 107, 
179; Adv. 15, 145, 196, 197, 200 


Drives, adjustable speed, Edit. 153, 
154; Adv. 48, 155 


Electric equipment (see specific type) 


Engineering department (see 
Management or Drafting) 


Engines, Adv. 198 
Extrusion, Adv. 69 


Facilities, general, Adv. 71, 194 


Fasteners, blind, Adv. 13 
bolts, nuts, screws, Edit. 10, 153 
154; Adv. 13, 21, 37, 70, 192, 197 
insert, Edit. 6; Adv. 13 
locking, Adv. 68 
retaining rings, Edit. 160 


Felt, Adv. 199 

Fiber, vulcanized, Adv. 178 
Filters, Edit. 12, 159; Adv. 26 
Finishes, protective, Adv. 196 


Fittings, pipe, tube and hose, Edit. 
154; Adv. 43 


Forging, Adv. 157, 159 


Gayres, force, Edit. 180 
Gasket materials, Edit. 117 


Gears, Edit. 153, 164; Adv. 16, 160, 
180, 197, 200 


Gear shaping, Adv. 191 


Heaters, Adv. 54 
Heat transfer, Edit. 137 
High temperature materials, Edit. 95 


Hose, metallic, Adv. 4 
nonmetallic, Adv. 43, 56 


Hydraulic equipment (see specific 
type) 


Inspection, Edit. 25, 190 
Insulation, Edit. 90 
Inventions wanted, Edit. 12 


Lift truck for hazardous locations, 
Edit. 125 


Light alloys, Edit. 86 
Low-temperature metals, Edit. 111 
Lubricants, Edit. 8, 175 


Lubrication equipment, Edit. 166; 
Adv. 28, 175, inside back cover 


Machines (see specific type or 
process) 

Management, engineering, Edit. 78 

Materials, engineering, Edit. 85 


Materials handling machines, Edit. 
188 


Meetings, Edit. 25 

Merit evaluation, Edit. 78 

Metals (see specific type) 

Metals, Adv. 198 

Metalworking machines, Edit. 188 
Meters, flow, Edit. 84 


Motors, electric: 
fraction and integral hp, Edit. 140, 
154; Adv. 25, 38, 44, 52, 141, 196 
subfractional, Edit. 160; Adv. 185 


Motors, hydraulic, Adv. 7 
pneumatic, Adv. 158 


Mounting, vibration and shock, Adv. 
24, 162 


Mounting supports, multiple, Edit. 84 


Ohmmeters, Edit. 179 
Oscillographic recorders, Adv. 181 


Packing materials, Edit. 117 

Packings, Adv. 149, 152 

Panels, sheet metal, Adv. 189 

Pipe, Edit. 153 

Plastics, Edit. 12; Adv. 11, 36, 76, 
149, 174, 195 

Plastics molding, Adv. 150, 199 

Pneumatic equipment (see specific 
type) 

Potentiometers, Edit. 172 
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Powder metallurgy, Adv. 170 
Processing machines, Edit. 190 
Pulleys (see Sheaves) 


Pumps, Edit. 194 
hydraulic, Adv. 7 


Reducers, speed, Adv. 160, 173 
Relays, Adv. 62, 176, 188 

Research and development, Edit. 176 
Resistors, Edit. 175 

Roll forming, Adv. 35 

Rubber, Adv. 31, 47 

Rubber molding, Adv. 2, 169 


Screws, ball-bearing, Adv. 53 


Seals, Adv. 149, 152 
mechanical, Adv. 51, 61, 149 


Servos, Edit. 5 

Shafts, flexible, Adv. 201 

Sheaves, Edit. 194 

Silicones, Adv. 31, 169 

Splines, ball-bearing, Adv. 53 

Spring alloys, Edit. 121 

Springs, Adv. 198 

Sprockets, Adv. 41, 177, 186 

Stamping, Adv. 198 

Steel, Adv. 42, 69, 75, 139, 159, 167, 
179 

Steel, stainless, Adv. 42, 50, 67, 75, 
139, 168, 184 


Switchboard, transistor-equipped, 
Edit. 15 


Switches, Edit. 83; Adv. 176 
Systems, hydraulic, Adv. 7 


Tap-drill sizes, Edit. 98 

Tape, insulating, Edit. 159 
Testing, Edit. 190 

Thermostats, Edit. 166; Adv. 23 
Timers, Adv. 176 

Torque converters, Adv. 32 


Transmissions, variable speed, Edit. 
154, 192; Adv. 7, 29, 147, 180 
190, 193 


Tubing, Adv. 46, 184 


Union, engineer’s, Edit. 24 
Universal joints, Adv. 22 


Valves, Edit. 163; Adv. 1 
hydraulic, Adv. 161 
pneumatic, Edit. 156, 169, 174 


Van, freight, for rails and roads, 
Edit. 14 


Wear resistant materials, Edit. 126 
Welding, Adv. 143 

Weldments, Adv. 40, 71 

Wire and wire products, Adv. 24, 198 
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CIRCLE ITEM NUMBERS—Throughout the magazine, each advertise- 
ment carries an Item Number for use in requesting further information. 
All product descriptions, announcements and Helpful Literature items are 
also numbered, and for greater convenience are indexed below by Item 
Numbers. 


EDITORIAL CLIPSHEETS—So you won't have to “clip” this issue, 
we'll be glad to send a personal copy of any article as long as the 
supply lasts. Just fill in the page number and title of article in the 
place provided on the Yellow Card. 
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HELPFUL LITERATURE— descriptions start on page 146 


ITEM ITEM 
NUMBER NUMBER 
Chemical Rubber .......... 401 Polyester Film ............. 418 
Speed Reducers ............ 402 Liquid Chiller ...... .. 419 
Pyrex Heat Exchangers .... 403 Chemical Resistance Chart .. 420 
Multiple V-Belt Drives ...... 404 Helical Gear Drives ........ 421 
Air Conditioning Components 405 = variable Speed Pulleys ..... 422 
Steel Hardening Process .... 406 Industrial Engines .......... 423 
Nylon Molding Powder .... 407 
Vacuum Forming of Plastics 424 
Custom-Made Rubber Parts. 408 Pr Vv 1 Steels 425 
Powder Metals ............ 409 Sa eee ==> 999 
Spring Motor Design ...... 411 High Speed Scale ........ 427 
Hard Surfacing Alloys ...... 412 Aluminum Extrusions ...... 428 
Expansion Joints .......... 413 Stainless Steel Wire ... .. 429 
Are Welding Procedures .... 414 Working High Speed Steels.. 430 
Colloid Dispersions List .... 415 Solid Film Lubrication ..... 431 
Ratchet Drive Lubricator .. 416 Precision Spindles ..... 432 
Pumping Units ............ 417 Limit Switches . .. 433 


NEW PARTS & ENGINEERING EQUIPMENT— descriptions start on page 153 


ITEM ITEM 

NUMBER NUMBER 
Bearing Mounts ............ 461 i ere 
Self-Locking Nut ........... 462 Casing Clamps ............. 479 
rg gn Drive ..... 463 Miniature Thermostat ...... 480 
Rigid Plastic Pipe .......... 464 Lubricator ................. 481 
Fine-Pitch Racks .......... 465 Pilot Valves ..... . 482 
tay gag Gears ........ po Subminiature Potentiometer.. 483 
Shaded-Pole Motors ........ 46g lower Wheels 484 
Tube Fitting ............... 469 Plastic Bushing Caps ...... 485 
Variable-S i Motor _.... £70 nelly A eee 
Automatic Transmission .... 471 Miniature Resistors ........ 487 
High-Voltage Connectors .... 472 O-Ring Lubricant .......... 488 
Solenoid Valve ............. 473 Miniature Accelerometer .... 489 
ee Thermistor Kits ........... 490 
8 Oe Digital Ohmmeter .......... 491 
Subfractional Motor eee 476 Reproduction Machine ...... 492 
Retaining Rings ............ 477 PE bv senccccnescce Se 
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428 458 488 518 548 578 608 638 668 693 728 758 788 818 848 878 
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INSIDE INFO FROM HOLO-KROME 


THE SECRET'S IN THE SOCKET! 


Since 1932, H-K has completely forged 
socket screws for greater strength where 
needed. Originally developed by Holo- 
Krome, cold-forming maintains metal fibers 
intact for greater strength. No drilling or 
broaching to weaken an H-K socket wall. 
You get tougher screws when they're H-K’s! 


s completely forged! 


Compare These Other H-K Features! 


SCIENTIFICALLY DESIGNED SOCKETS .. . depth 
carefully proportioned to give greatest head 
and socket strength, firmest key grip. 


SHARP HEX CORNERS... carefully formed 
socket corners resist internal reaming. 


UNTAPERED WALLS... for better key fit, 
longer key and socket life, even tighter 
wrenching. 


For the finest in Socket Screw products... 
for revolutionary SAME-DAY SERVICE, the 
name to remember is Holo-Krome ! 


LOOK INSIDE A HOLO-KROME SOCKET! 


Send in the coupon below and we'll send you FREE 
an H-K Socket Cap Screw (we've omitted heat 
treating to let you get a better look at the mirror 
finish and sharp hex corners under the usual black 
finish). Look it over carefully, and see for yourself 
what a real difference H-K quality and skill can make ! 


THE HOLO-KROME SCREW CORP., HARTFORD 10, CONN. 


Sold only through authorized Holo-Krome distributors. 
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Each part of every Curtis Universal 
Joint is made of specially selected steel, 
individually heat-treated for a specific 
purpose. This care in manufacture is 
reflected in our catalog torque and load 
ratings — which are substantiated by 
constant testing of production joints. 

That's why Curtis Joints are the most 
dependable, durable and trouble-free 
available—the standard of the industry. 


CURTIS UNIVERSAL JOINTS 


@ 14 sizes always in stock — bored or un- 
bored hubs 


@ Fewer parts, simpler construction 
@ Complete equipment for government tests 


PLUS — facilities and engineering skill to 


handle special specification jobs at any time. 


Not sold through distributors. Write direct 
for free engineering data and price list. 
Cc 


MARK CURTIS 


UNIVERSAL JOINT CO., INC. 


5 BIRNIE AVENUE, SPRINGFIELD, MASS. 


TRADE 


As near to you as your telephone 


A MANUFACTURER OF 
UNIVERSAL JOINTS SINCE 1919 
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CUT-UP TIME IS SAVED by this big melting furnace built for a California 
aircraft company by Belleview Industrial Furnace Co. The nose-tilting pot 
has 76-in. diameter and 37-in. depth; holds 25,000 lbs of Kirksite scrap dies 
which need not be cut up before remelting. The furnace has processed 200,- 
000 Ib of obsolete dies in four days. Savings claimed in the use of remelted 
Kirksite die metal are 61/, cents per lb over the cost of new ingots. 








WATER WAGON for thirsty plants is this portable cooling tower developed 
recently by Badger Mfg. Co. Compact and complete, the truck-mounted unit 
includes pumps, strainers, electrical control equipment, gages, thermometers 
and feed water conditioner. When operating at 95 F air temperature, and 
90 F wet bulb temperature, the system delivers 240 gpm at 90 F reduced from 
115 F. It is presently being used with portable oxygen-generating plants in 
remote locations, and could be used in chemical plants. 











(Continued from Page 15) 
free because the transistors are 
rugged and kave theoretically in- 
finite operating life. The transis- 
tors generate practically no heat, 
and can operate at temperatures of 
130 F or above. The new switch- 
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board has been designed and built 
for compatibility with other U/S. 
telephone equipment. 


The Gray Iron Founders’ Society 
announces that entries are being 
accepted for the 1956 Gray Iron 


MACHINE DESIGN 








How to Keep Drinks Hot 


No. 6 of a series Showing the Broad Application Range of Fenwal Controls 











You need hot water for good coffee, 
tea or hot chocolate. And the Fenwal 
Thermoswitch Control makes sure 
this machine always has water at the 
right temperature. Here’s how. 

A Fenwal Snap-Action THERMO- 
SWITCH unit, No. 20102, skeleton 
frame immersion type, with a stand- 
ard snap-action switch “S’”, 100- 
300°F range, controls a 1400 watt 110 
Volt AC heater in a half gallon hot 
water tank. The THERMOSWITCH is 
preset at 160°F +5°F, and is mounted 
vertically in top of tank. The heater 
is mounted from the bottom of tank. 
(Another Fenwal THERMOSWITCH 
unit, the series 30000, controls the in- 
ternal cabinet temperature.) 














How Fenwal Thermoswitch" Proved Applications 
Series 20000 Operates Fenwal Sales Representatives and 
The Fenwal Snap-Action THERMO- | Engineers have saved time, trouble 
SWITCH unit provides fast response | and money in all types of plants and 
because the fluid completely sur- | laboratories by solving thousands of 
rounds the bellows and is in direct | temperature control and detection 
contact with the external shell. The | Problems. Fenwal THERMOSWITCH 
contacts in the head of the unit are | units are controlling processes that 
actuated by a push-rod connected to | involve liquids, gases and solids. 
the bellows. Units are available in six Put Fenwal’s vast reservoir of tech- 
UL listed temperature ranges: Series | nical know-how to work for you. 
20000: —75°F to 125°F; 25°F to Chances are your problem has al- 
225°F; 100°F to 400°F. Series 21000: | ready been met and mastered by 
—T75°F to 175°F; 0°F to 250°F; | Fenwal engineers. 
50°F to 300°F. Write for new Snap-Action Catalog 
for details and complete information. 





SPOT SNAP Sw TCH 
| 


ADJUSTING SCREW 
ae pivOT P 7 


OVERTRAVE, SPRING——___ < 


FENWAL INCORPORATED 
195 Pleasant Street 
Ashland, Mass. 










Snap-Action Catalog. 


\— LOADING SPRING 














- . BELLOWS Our specific problem is:........... 
FENWAL THERMOSWITCH® unit, series 
20000, is installed in this Superior Hot 
Drink Bar, manufactured by the Superior 
Manufacturing Corporation of Denver, 
Colorado. 





ACTUATING ROD 


I 
| 
| 
| 
| 
Please send me your 
| 
| 
| 
| 


———- EXPANDABLE LIQUIO FILL | 




















CONTROLS TEMPERATURE . . . PRECISELY 
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ALLOY WIRE 








take the SHAKES out of 
AIRCRAFT INSTRUMENTS 


Fabricated all-metal mounts have 
high damping properties 
Resist deterioration. 





Robinson Aviation, Inc., Teterboro, New Jersey, uses 
knitted stainless steel and nickel alloy wire cushions 


in their new all-metal engineered mounting systems 





to control vibration and shock in airborne electronic 
equipment and instruments. Alloy wire resilient cushions have attained 
performance standards heretofore impossible with conventional rubber 


or synthetic materials. 


When fabricated into a special pattern, the wire forms literally thousands 
of tiny interlocking springs. Their high damping characteristics and non- 
linear spring rate provide ample protection against dynamic overloads. 
Alloy wire resists deterioration by oil, water, ozone, bacteria, dust and 
extreme temperatures. Knitted alloy wire is used in hundreds of other 
industrial applications, such as filters, mist eliminators, electronic shield- 


ing. For further information send today for our Application Bulletin A-1. 


ALLOY METAL WIRE DIVISION 











HK H. K. PORTER COMPANY, INC. 
Prospect Park, Pennsylvania 
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Castings Redesign Contest. Pur- 
pose of the contest is to encourage 
more extensive use of gray iron 
products. Entries will be judged 
on the basis of ingenuity of de- 
sign, cost savings, performance 
advantage, and general applicabili- 
ty. Three cash prizes will be 
awarded at the society’s annual 
meeting in November. Entries are 
to be mailed before July 1 to so- 
ciety headquarters in the National 
City Bldg., East Sixth St., Cleve- 
land 14, O. 


Engineers’ Union Declines 
AFL-CIO Affiliation 


WASHINGTON, D. C.—A _ proposal 
that the Engineers and Scientists 
of America seek affiliation with 
the AFL-CIO as an autonomous, 
nationwide union of engineering 
and scientific employees was de- 
feated by a vote of 46 to 4 at the 
recent ESA convention. At a pre- 
convention meeting, the Executive 
Committee declined an invitation to 
merge with the American Federa- 
tion of Technical Engineers-AFL- 
CIO. 








HELD BY THE NOSE in this tether 
test rig, an XFY-1 Pogo vertical 
takeoff plane will be used for pilot 
training at Brown Naval Auxiliary 
Air Station, San Diego. A cable at- 
tached to the nose of the plane lim- 
its vertical and horizontal move- 
ment. However, enough room for 
the maneuvering necessary in learn- 
ing to fly the plane is provided be- 
tween the side towers, which are 
150 ft apart. The connecting bridge 
is 150 ft wide. A control room for 
test personnel is located about 40 
ft from the ground. 
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Powerful X-Ray Machines 
Will Inspect Weldments 


BIRMINGHAM, ALA. — A highly 
powerful and versatile X-ray in- 
stallation is planned for use in in- 
spection of storage and pressure 
vessels and for investigations of 
nuclear reactor chambers. Two 
complementary supervoltage X-ray 
generators rated at 1 million and 
2 million volts will be built for 
Chicago Bridge and Iron Co. by 
High Voltage Engineering Corp. 

An unusual mounting arrange- 
ment is planned for the one mil- 
lion-volt generator so that it can 
fit inside vessels under test. It 
will be fixed on the end of a 43-ft 
long counterweighted boom mount- 
ed on rails. 

The new test installation is ex- 
pected to make possible fabrication 
of welded vessels having greater 
wall thicknesses than presently. 


AND EXPOSITIONS 


June 11-13— 

American Society of Mechan- 
ical Engineers. Applied Mechanics 
Western Division Conference, to 
be held at the California Institute 
of Technology, Pasadena. Addi- 
tional information can be obtained 
from society headquarters, 29 W. 
39th St., New York 18, N. Y. 


June 11-15— 

Society of the Plastics Industry 
Inc. National Plastics Exposition 
to be held at the Coliseum, New 
York. Additional information may 
be obtained from society headquar- 
ters, 67 W. 44th St., New York 
36, N. Y. 


June 14-16— 

American Society of Mechanical 
Engineers. Applied Mechanics Di- 
vision Conference to be held at the 
University of Illinois, Urbana, II. 
Additional information can be ob- 
tained from society headquarters, 
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SAVE 


on original development costs 
by using REULAND ELECTRIC'S 


SPECIAL-MOTOR “LIBRARY” 


Over 900 Different 
‘\ Soom Motors 














































MOTOR #810 





CAN BE STALLED OR “LOCKED” WITH 
CURRENT ON without damage. This 
torque motor automatically adjusts 
to intermittent load changes, yet 
maintains constant power. Avail- 
able in locked service duties of 5%, 
10%, 25%, 50% and 100% with 
maximum stalls of 5, 10, 20 or 60 


DB Deena or continuous stall. 


MULTI-SPEED MOTOR operates at dif- 
ferent speeds as desired. Available 
in 2, 3 or 4-speed ratings in the fol- 
lowing types: 
Constant Torque—Constant torque 
regardless of motor’s speed. 
Variable Torque — For loads that 
maintain their own momentum. 
Constant H.P.—Constant H.P. even 
at reduced motor speed. 











MOTOR #617 \ 





WAFER-THIN, AIR COOLED, TOTALLY 
ENCLOSED. Originally designed for 
ventilation and air moving installa- 
tions where it could be direct-con- 
nected to the fan within the piping 
or vent. Direct-fan attachment elim- 
inates pulleys, belts, brackets and 
fan shaft. Can also be supplied in 
open type for mounting out of air- 


‘\ stream. 


HIGH STARTING TORQUE ON LOW 
STARTING CURRENT, plus variable 
speed are offered by the Slip Ring 
motor. Often permits using regu- 
lar current for getting heavy loads 
up to full speed. Cranes, heavy fans, 
printing presses and crushers are 
typical uses. Available separately or 
with single or double reduction 
gear reducers. 








MOTOR #402 








Don't pay for special motor development until you first check 
the Reuland SPECIAL-MOTOR LIBRARY. Reuland's revolutionary 
new XPANDABLE DESIGN idea has produced literally hundreds 
of unique power packages, one of which may already be the 
answer to your needs. 

Reuland also produces a complete line of standard electric 
motors. Free engineering literature will be sent upon request 
Your inquiry will be given prompt, personal attention. 


REULAN 


Western Division: Alhambra 30, Calif. — Eastern Division: Howell 30, Mich. 





ELECTRIC COMPANY 
Distributors In All Principal Cities 
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Question: 


“How do you filter a Vitamin Solution ?“ 


A manufacturer of vitamins experienced 
considerable difficulty with filtration in 
one of his vitamin processes. The filter 
element used clogged after a mere 5 


gallons of material had gone through. 
How could he eliminate frequent cleaning 
and maintenance and still achieve a clear, 
sparkling syrup? 


Answer: 


Ingenuity 


Purolator recommended their 
PR-255-15 Aviation Fuel Filter. This 
unit is made of aluminum and con- 
tains a pleated paper Micronic® ele- 
ment. The filter has been extremely 
satisfactory. One cartridge filters 100 
gallons before servicing ... nearly 20 
times more than the previous filter, 
with an even finer degree of filtration. 


Since the cartridge is of the disposable 
type, it is removed and replaced after 
each run, cutting time, handling and 
loss to a minimum. The excellent re- 
sults of this application of a standard 
aviation type filter to a highly special- 
ized operation demonstrates the advan- 
tages of Purolator’s exceptional experi- 
ence in solving filtration problems. 


MAIL COUPON FOR DESIGN INFORMATION 


PURDLATOR 


FIRST in the 5 field of filtering 


News Roundup 





29 W. 39th St., New York 18, N. Y. 


June 17-20— 

American Society of Agricultur- 
al Engineers. Annual Meeting to 
be held at Hotel Roanoke, Roa- 
noke, Va. Society headquarters 
are in St. Joseph, Mich. 


June 17-21— 

American Electroplaters Society. 
Annual Meeting to be held at Ho- 
tel Statler, Washington, D. C. Ad- 
ditional information can be ob- 
tained from society headquarters, 
445 Broad St., Newark, N. J. 


June 17-21— 

American Society of Mechanical 
Engineers. Semiannual Meeting 
to be held at Hotel Statler, Cleve- 
land. Additional information can 
be obtained from society head- 
quarters, 29 W. 39th St., New 
York 18, N. Y. 


June 17-22— 

American Society for Testing 
Materials. Annual Meeting and 
Apparatus Exhibit to be held at 
Chalfonte-Haddon Hall, Atlantic 
City, N. J. Robert J. Painter, 
1916 Race St., Philadelphia 3, Pa.. 
is executive secretary. 


June 18-21— 

Institute of the Aeronautical 
Sciences. Summer Meeting to be 
held at the IAS Bidg., Los Angeles. 
Additional information can be ob- 
tained from society headquarters, 
2 E. 64th St., New York 21, N. Y. 


June 24-26— 

Alloy Casting Institute. Annual 
meeting to be held at the Home- 
stead, Hot Springs, Va. Additional 
information can be obtained from 
institute headquarters, 32 Third 
Ave., Mineola, N. Y. 


June 24-27— 
Drop Forging Association. An- 


| Dept. D12-58, Purolator Products, Inc., 970 New Brunswick Ave., Rahway, N. J. | 1 ti co ton te ot th 
nu meeting e a e 
| Please send me the following filter information: | ceoneameed "lees me = We. Ad 
; ri ' - 
| Purolator'’s new “Filtratioe Manual for Designers’ | diti 1 inf on e*, be b 
| I'm enclosing 25¢ to cover postage and handling. | luional information can ob- 
| Enclosed is a description of our filter problem. How should we solve it? | tained from association headquar- 
| | ters, 419 S. Walnut St., Lansing 
NAME tn ——————————————————— 33 Mich 
’ icn, 
; COMPANY ADDRESS 
j city ZONE STATE | June 25-29— 
(Sin ERNE ERE EEE amenenad American Institute of Electrical 
; —ITEM 569— 
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Engineers. Combined Summer and 
Pacific general meeting to be held 
at the Fairmont Hotel, San Fran- 
cisco. Additional information can 
be obtained from institute head- 
quarters, 33 W. 39th St., New 
York 18, N. Y. 


June 25-29— 

American Society for Engineer- 
ing Education. Annual Meeting to 
be held at Iowa State College, 
Ames, Iowa. W. Leighton Collins, 
University of Illinois, Urbana, IIL, 
is secretary. 


Aug. 6-8— 

Society of Automotive Engi- 
neers Inc. National West Coast 
Meeting to be held at the Mark 
Hopkins Hotel, San Francisco. Ad- 
ditional information can be ob- 
tained from society headquarters, 
29 W. 39th St., New York 18, 
i ee 


Aug. 21-24— 

Western Electronic Show and 
Convention. Show headquarters, 
Pan Pacific Auditorium; Con- 
vention headquarters, the Ambas- 
sador Hotel, Los Angeles. Co- 
sponsored by the West Coast 
Electronic Manufacturers’ Associa- 
tion and the Los Angeles and San 
Francisco sections representing the 
Seventh Region of the Institute of 
Radio Engineers. Additional in- 
formation can be obtained from 
Wescon, 344 N. La Brea Ave., Los 
Angeles 36, Calif. 








“You know, I've never seen a 
place expand so fast.” 
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Your Engineer is Right! 


investment Casting permits new approaches to design and production engineering, 
unbound by the restrictions of traditional metallurgical practices and manufacturing 
techniques. 

Major economies are obtained when your products or components are designed . . . or 
redesigned . . . with tolerance, surface and inspection criteria to conform with casting 
techniques. The resultant savings in final cost and production time, more than repay 
this small investment. 

Your design engineer deserves and requires the great flexibility and latitude in design 
and production planning offered by Investment 
Casting. If application requirements demand that 
a part be of complex shape, intricate contours in a 
material that’s difficult to form or machine, in short 
or long run quantities, Investment Casting may 
provide the economical answer. 





















CASE IN POINT! 


Freedom of Design 


The rudder over-balance eliminator used on 
the jet bomber is an investment casting of 
specification QQ-M-55 Magnesium, Alloy AZ-92. 
This intricate design is more economically 
produced by investment casting than any other 
process, permitting design freedom and assur- 
ing quality performance. 











ARWOOD PRECISION CASTING CORPORATION 


315 W. 44th St. © New York 36, N. Y. 
Plants: Brooklyn, N. Y. © Groton, Conn. ¢ Tilton, N. H. © Los Angeles, Calif. 
“PIONEERS IN INVESTMENT CASTING" 
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Hand oiling is costly! It wastes time 
and money ... steals valuable pro- 
duction hours ... means extra 
down-time, fire risk, repair bills, re- 
placement parts and causes product 
damage from excess lubricant. 

But there’s a way to end all this 
waste and worry. A Bijur Automatic 
Lubrication System never forgets a 
bearing ... bearings never are 
thirsty for oil, never flooded. Lubri- 
cation is continuous, exactly right. 
All the hazards of hand oiling are 
banished—automatically! 

Bijur Systems are custom-engi- 
neered for machinery used by prac- 
tically all industries. Every bearing 
receives a clean supply of oil at the 
right time . . . automatically and 
correctly metered to suit its indi- 
vidual needs . .. while the machine 
is running! Whether for new equip- 
ment you buy, or machines you 
build, insist on Bijur. It’s better— 
by design! @ 1038 


<e> Biryur 


LUBRICATING CORPORATION 


ochelle Park, New Jersey 
Pioneers in Arulomalic lubrication 
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Wen of Machines 


Formerly chief product engineer, 
J. F. Weiffenbach has been elected 
director of engineering of Fair- 
banks, Morse & Co., Chicago. Mr. 
Weiffenbach joined the company as 





J. F. Weiffenbach 





chief engineer of the Diesel Loco- 
motive Div. He served successive- 
ly as manager of engineering at 
the Beloit Works, vice president 
in charge of manufacturing of the 
Canadian Locomotive Co., then 
works manager of the Canadian 
plant. In January, 1953 he was ap- 
pointed chief product engineer. 


Promotion of Wilfred W. McCul- 
lough to development engineer has 
been announced by Servel Inc., 
Evansville, Ind. Associated with 
Servel since September, 1942, 
when he started as a wing train- 
ing instructor in the wartime P-47 
program, Mr. McCullough served 
most recently as supervisor of the 
quality control test laboratory. 


Westinghouse Electric Corp., 
Pittsburgh, has appointed vice 
president Frank L. Snyder to the 
staff of the vice president in 
charge of apparatus products di- 
visions. He will aid in directing 
the company’s apparatus products 


ee eee eee eee ee eee we wee ee ee 


organization. Succeeding Mr. 
Snyder as manager of the trans- 
former division in Sharon, Pa., is 
John H. Chiles, who has served as 
engineering manager of the di- 
vision since 1949. M. E. Fagan 
Jr. has been named engineering 
manager. 


Lewis H. Whitney recently was 
elected president of Whitney Chain 
Co., Hartford, Conn. Mr. Whitney 
joined the company as designer 
and chief draftsman, was later ap- 
pointed chief engineer and works 
manager, and was elected vice 
president in January, 1955. 


Erwin O. A. Naumann has been 
named chief of advanced studies 
in the engineering division of Solar 
Aircraft Co., San Diego, Calif. Dr. 
Naumann has been an Air Force 
consultant at Wright Air Develop- 
ment Center for ten years. At 
Solar he will be concerned with 
advanced applications of gas tur- 
bine engines and other engineering 
studies. 


Baldwin - Lima - Hamilton Corp.., 
Philadelphia, has announced the 
appointment of Robert R. Lent as 
West Coast co-ordinator for the 
Electronics and Instrumentation 
Div. in its guided missile program. 
Mr. Lent’s headquarters will be in 
the company’s office in Los An- 
geles. 


Howard C. McMillen, manager 
of Philco Corporation’s Bedford, 
Ind. plant, has been elected presi- 
dent of the American Society of 
Tool Engineers. 


Aero Research Instrument Co., 
Chicago, has appointed Truman M. 
Stickney research engineer. Mr. 
Stickney was an instrument engi- 
neer at Lewis Flight Propulsion 
Laboratories. 


Earle R. Toense has joined the 
Digital Circuitry Section of the 
Data Processing Systems Div. of 
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SPECTOR ...Chicago’s largest... 


standardizes on Fuller ROADRANGERS 


Spector Freight Systems, Inc., larg- 
est common carrier with home offices 
in Chicago, is adding 104 new tractors 
equipped with R-46 ROADRANGERS to 
bring a total of 257 ROADRANGER 
equipped tractors to its fleet. 

Referring to Spector’s 149 tractors 
now equipped with Fuller 8-speed 
RoADRANGERS, to 4 tractors equipped 
with 10-speed ROADRANGERS . . . and 
to the 104 new units with 8-speed 
Model R-46 RoapRANGe_Rs, C. L. 
Lunt, Vice President, Operations, 
says: 

“We have standardized on the 
ROADRANGER Transmission for bet- 
ter over-all fleet performance and less 
maintenance . . . resulting, of course, 
in a substantial dollar savings. Also, 
our drivers overwhelmingly prefet 
the semi-automatic Fuller Roap- 
RANGER Transmission.” 


Spector, whose 
gross revenues 
rose from $1'/- 
million in 1945 
to an estimated 
$21-million in / 
1955, knows the @ 
value of better @ 
over-all fleet per- ¢. 1. Lunt, Vice President, 
formance. Spec- anne 
tor drivers prefer ROADRANGER 8 and 
10-speed Semi-Automatic Transmis- 
sions with: 


® Easier, quicker shifts—all forward 
speeds in short closely spaced 
steps between ratios 


® One shift lever that controls all 
forward speeds 


®No gear splitting—all selective 
gear ratios are evenly and pro- 
gressively spaced 





® Higher average road speeds— 
engines operate in peak hp range 
with greater fuel economy 


® Less driver fatigue—" less shifting 


® Range shifts pre-selected—auto- 
matic and synchronized 


Compact space-and-weight-saving 
economies permit more cargo to 
be carried on payload axles. Get 
full facts on ROADRANGER from 
your truck manufacturer or truck 
dealer, now! 


i 


FULLER MANUFACTURING COMPANY 


TRANSMISSION DIVISION * KALAMAZOO, MICH. 


Unit Drop Forge Div., Milwaukee 1, Wis. * Shuler Axle Co., Louisville, Ky. (Subsidiary) * Soles & Service, All Products, West. Dist. Branch, Oakland 6, Cal. and Southwest Dist. Office, Tulsa 3, Okie. 
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How to get freedom from 


BEARING PROBLEMS 


ee 





1. NO LUBRICATION 
2. NO MAINTENANCE 


Here are 6 


operating advantages 


to reduce 3. NO COLD-START 
downtime, lower 4. EXTENDS SHAFT LIFE 

maintenance and 5. RESISTS HIGH TEMPERATURES 
increase production 6. RESISTS ATTACK OF 


Corrosive Gases and Liquids 


Morganite bearings are ideal for installation in inaccessible 
machines, and for use in hermetically-sealed mechanisms, 
as well as heavy industrial equipment where high tempera- 
tures and corrosion are problems. The self-lubricating quali- 
ities are inherent, producing a highly efficient bearing under 
almost all conditions. 


Write today for latest catalog describing the many carbon 
and carbon-graphite products manufactured by Morganite. 


organe: 


INCORPORATED 


Manufacturers of fine carbon-graphite products for fifty years. 
3314 48th Avenue, Long Island City 1, New York 
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Men of Machines 





the National Bureau of Standards. 
He will assist in the development 
of high-speed memory units for 
computers. 


Peter Muller-Munk Associates, 
Pittsburgh, recently announced 
that Ernst Budke III and Robert 
J. Renaud have become associates 
in the firm. 


The Lamme Gold Medal, 
awarded annually by the Ameri- 
can Institute of Electrical Engi- 
neers, will be presented to Clin- 
ton R. Hanna, associate director of 
research of Westinghouse Electric 
Corp. Dr. Hanna was chosen as 
recipient of the award for 1955 be- 
cause of “his fundamental calcu- 
lations and developments in the 
field of electrodynamics and par- 
ticularly for his achievements in 
the design of generator voltage 
regulators, automatic rolling mill 
controls, and tank gun stabilizers.” 


The Premier Co., St. Paul, has 
promoted Charles M. Cassidy to 
the position of chief engineer and 
Warren J. Nelson, former staff 
engineer, to production manager. 


Thompson Products Inc., Cleve- 
land, has appointed John D. Stanitz 
chief engineer of the Accessories 
Div. He succeeds Leslie L. As- 
pelin, who has been named to the 
new post of engineering manager 


John D. Stanitz 
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Men of Machines 





Leslie L. Aspelin 


responsible for development engi- 
neering, technical problems, and 
long-range planning in new fields. 
Dr. Stanitz will be assisted in his 
new post by Robert J. Anderson 
as chief technical specialist; Fred- 
eric E. Smith as assistant chief 
engineer, aircraft pumps; and 
James C. Wise as assistant chief 
engineer, systems. 


Hicks B. Waldron has_ been 
named manager of manufacturing 
engineering for the distribution as- 
semblies Department of General 
Electric Co. in Plainville, Conn. 
He joined the company in 1946 
and is a graduate of the test en- 
gineering program. 


Formerly manager of engineer- 
ing operations, Frank J. Skwarek 
has been elected a vice president 


of Polarad Electronics Corp., Long | 


Island City, N. Y. 


Vern C. Vanderbilt Jr. has joined 
Perfect Circle Corp., Hagerstown, 
Ind., as chief research engineer. 
He was formerly a member of the 
faculty of Purdue University. 


Van Norman Industries Inc. has 
announced the appointment of 
Paul C. Eberhardt as assistant to 
the president for manufacturing 
and research. Mr. Eberhardt was 
formerly chief machine tool engi- 
neer of the Wright Aeronautical 
Div. of Curtiss-Wright Corp. 
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EXTRUDED 


ACADIA 
Has ’em All Four Ways 


Every customer has a right to his synthetic rubber 
parts the way he wants them. 

The more complicated the requirements, the easier 
for our engineers at Acadia to go to work. Our long 
experience guides us in giving you exactly the char- 
acteristics you desire. We process synthetic com- 
ponents, for oil-resistance, good aging properties, 
strength, compression-deflection, or any combination 
you specify. 

And if you require resistance to heat or cold, 
remember Acadia SILICONE rubber stays resilient 
at 100° below zero or 500° above. Silicone is molded 
or extruded for gaskets, seals, ‘‘O” rings, washers, 
sheets, cut-parts and packings. 

There is an Acadia Sales Engineer serving your 
area. A letter will put him in touch with you. 


ACADIA ‘ 
Syphe PRODUCTS 


DIVISION OF WESTERN FELT WORKS 
4021-4139 West Ogden Avenue, Chicago 23, Illinois 
4 Branch Offices in Principal Cities 








MANUFACTURERS AND CUTTERS OF WOOL FELT 
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=" Twin Dis 
is lorge* 
of sndusti@ 


Now! .. . Twin Disc offers a new 
line of single-stage torque converters, 
making Twin Disc the only manufac- 
turer supplying both three-stage and 
single-stage units. 

The new line of single-stage torque 
converters is the result of years of in- 
tensive engineering and field testing. 
It is of Twin Disc design and construc- 
tion throughout and is not licensed 
from any other manufacturer, foreign 
or domestic. 


Horsepower Range — Currently 
available in the 1500 Series, the new 
torque converter is applicable to en- 
gines producing from 30 hp at 1150 
rpm to 198 hp at 2400 rpm. (See Fig. 
5 for complete input hp and speed 
capacity range.) 


NEW 
1500 Series Torque Capacity— Impeller blad- 
Torque Converter ings are available for specific torque 





Fig. 1. Model “C” Fig. 2. Model “S” Fig. 4. Model “U” 


| 
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Announees new line of 


Single 





Torque Converters 


ratings of 165, 200, 240, 285 and 330 
pound-feet. 


Unloading Feature — The new 
Twin Disc single-stage unit features 
“unloading” of the engine through 
an exclusive blade design wherein the 
turbine develops a counter-head at 
high speed ratios, thus stopping fluid 
circulation. Unloading feature elim- 
inates conventional free-wheeled sta- 
tors . . . simplifies design and con- 
struction ... makes for more trouble- 
free operation in the field. 

One Housing, One Set of Com- 
ponents — Impellers having differ- 
ent bladings (both number of blades 
and pitch) are interchangeable. Thus 


Fig. 5. Horsepower and rpm capacity of the 
1500 Series Single-Stage Torque Converter 
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torque capacities can be matched as 
accurately as possible to engines of 
various hp outputs and speeds with- 
out requiring changes in the con- 
verter housing or other components. 
Interchangeability means savings in 
production costs . . . savings to the 
customer. 

Models — The new 1500 Series in- 
cludes four models: (1) Model “C,” 
with clutch input; (2) Model “S,” 
with spider drive input; (3) the 
Spacer-Type Model “S,” with double- 
ended SAE housing; and (4) Model 
“U,” with flange input and flange out- 
put. (See Figs. 1, 2, 3 and 4 for model 
illustrations. ) 

Clutches — Model “C” arrangement 
is offered with either Twin Disc 
SP-111 or SP-114 Clutch . . . an econ- 
omy feature permitting use of a 
smaller, more closely matched clutch 
for engines in the lower hp range. 
The spider on the Model “S” unit 
uses the same drive ring as the SP-111 
Clutch. Therefore the same flywheel 
can be used. 

SAE Housings—SAE No. 2 and No. 
1 flywheel housings are available for 
both Model “C” and Model “S” units. 
Where the Model “C” is equipped 
with the SP-114 Clutch, only the SAE 
No. 1 housing can be used. On the 
double-ended Spacer-Type Model 


“S,” No. 2 to No. 2 and No. 1 to No. 2 
housings can be furnished. 
Applications— Ideal for shovels, 
front-end loaders, bucket loaders, in- 
dustrial lift trucks and other applica- 
tions where single-stage torque con- 
verters offer certain advantages. 

Introduction of the new 1500 Series 
Single-Stage Torque Converter is one 
more milestone in Twin Disc’s long- 
established reputation as the world’s 
largest manufacturer specializing in 
both fluid and friction drives for in- 
dustrial applications. 

Three-stage, and now single-stage 
torque converters, fluid couplings and 
friction power take-offs . . . Twin 
Disc makes them all. Whatever your 
drive problem, consult Twin Disc. . . 
for Twin Disc can recommend and 
furnish—without bias—the best drive 
for your application. 


For further information, write to- 


day to Twin Disc Clutch Company, 
Hydraulic Division, Rockford, IIL. 








Branches or Sales Engineering Offices: Cleveland * Dallas * Detroit * Los Angeles * Newark * New Orleans * Tulsa 
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Why is COUNTROL 


important in every business today? 




















Countless times a day, every business needs to know 
“how many? .. . how much? . . . how far? . . .” and ; 
many other questions that can be answered only by ; 
facts-in-figures. But how to get these figures . . . from so | 
many different machines, processes, operations and 

systems? Veeder-Root Counters are doing it 

every day, by means of: 

















~ 
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MECHANICAL COUNTING 


Small Resets count strokes, turns, or pieces. . . 
are used by thousands for moderate duty in 
parts inspection, quality control, conveyors, ELECTRICAL COUNTING 
machine tools, light presses, etc. These remote-indicating counters bring your 
production machines as close as your office 
wall. AC or DC, they can be connected in series 
with any simple switch, and will transmit pro- 
duction figures instantly over any distance. 
May be panel-mounted in groups. 








HAND COUNTING 


Where objects or units cannot be counted elec- 
trically or mechanically, hand-operated count- 
ers like this Hand Tally do the job. For in- 
stance, quick spot checks of production or 
performance, traffic count, inventory, etc. Fits 
palm of hand, counts one for each pressure of 
thumb lever, resets to zero by turning knob. 





CONTROLLING 


Set it for the exact number of turns, pieces, or 
operations required . . . and this Predetermin- 
ing Counter will control the run exactly . . . pre- 
venting over-runs and shortages. When the 
predetermined number is reached, counter will 
light a light, ring a bell, or actuate a stop-motion. 





VEEDER-ROOT 
COUNTERS 


he from your Industrial 
Supply Distributor 





IN SUM: If it can be counted or controlled ... 
count on Veeder-Root to do it. Get in touch with your 
Industrial Supply Distributor for standard counters 
for application to your production machines and proc- 
esses. And get in touch with Veeder-Root for counters 
to be built into original equipment. Veeder-Root 
Inc., Hartford 2, Connecticut. 
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IREDUCED COSTS 





BY REDESIGN OR ADAPTING TO ROLL FORMED METHOD 


Roll forming method is truly the automa- 
tion of the stamping industry—many indi- 
vidual press operations are combined in a 
continuous production procedure. In many 
instances redesign is not necessary to 
permit production by the roll formed proc- 
ess, but where redesign is required our 
staff of qualified expert engineers are avail- 
able at all times to assist you in the engi- 
neering work needed. 


MAIN OFFICE AND PLANT 3754 OAKWOOD AVE. 
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The old trite saying “It pays to investigate” surely 
applies in this case. At no cost to you, submit your 
inquiries, and we will do the rest. 

Utilizing our advanced facilities and know-how can 
only result in a more exact dimensioned part and a 
reduction in your cost. 

Contact your nearest Roll Formed representative or 
write Roll Formed Products Company, Youngstown, O, 


Ask for Catalog No. 1555 


ROLL FORMED PRODUCTS 


COMPAN Y 





YOUNGSTOWN, OHIO 
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Your blueprint 
tells only half 
the story... 









... tell us “7 
your performance ° 
requirements and < 
Formica will save ° 
you money! . 


There’s never any compromise with grade selection at Formica. With 52 
standard grades, and a competent research staff to develop special new 
ones — you won't ever have to settle for “something just as good” — or 
something more expensive than necessary. 


Formica fabricating engineers study your blueprints, sure. But they'll also 
delve into where and how you'll be using your fabricated part. Then, with 
a thorough understanding of your requirements, they'll select the one grade 
that’s best and most economical for you. 


And the design modifications recommended by Formica fabricating engi- 
neers will further help to produce a better part, frequently at big savings. 


This fabricating service is part of Formica-4, designed to give you the best 
grade at lowest cost for your application. Call your Formica district office 
or send us your blueprints and your performance requirements. Formica 
Corporation, +545 Spring Grove Ave., Cincinnati 32, Ohio. 


Ft-1235 


1St choice in laminated plastics 


APPLICATION ENGINEERING « RESEARCH e FABRICATING « CUSTOMER STOCK SERVICE 
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BURDSALL & WARD BOLT ANDB NUT COMPANY 








Technical-ities 
By John S. Davey 


The important facts 
about nuts 


A nut’s purpose is to load the 
bolt in tension for a tight joint. 
For this, it is given shear 
strength greater than the 
breaking point of the bolt; and 
sufficient bearing area to avoid 
crushing or flow of the bearing 
surface with consequent reduc- 
tion of tension. 

While the thread form of a 
nut is accurate, its “lead” can- 
not, for practical purposes, be 
made identical with that of the 
bolt. Thus, a nut is made from 
material plastic enough to al- 
low the threads to deform upon 
tightening and thereby adjust 
to distribute the load over 
many threads rather than con- 
centrate it on the first few. 


WHAT TO USE 
The standard “Finished” nut 
series satisfies the require- 
ments. It gives not only the re- 
quired bearing area, but also 
enough section for proper 
strength and to minimize the 
spreading or dilation of a nut 
when loaded. (The standard 

“Heavy” nut series is called for 

only when bolt holes have large 

clearances, or for high bolt 
loads.) 

As a good general guide to follow, 

use nuts that are: 

1. Made to Am. Std. dimensions; 

2.Made from soft, ductile mate- 
rial; 

3. Strong enough to break the bolt 
or screw with which it is used. 
This would determine whether 
“Finished” or “Heavy” series is 
selected, 


Cold heading produces 


strong, low cost parts 





Representative range of mechanical parts produced by RB&W by cold heading . . . the same process 
used to produce the high quality, economical RB&W standard bolts and cap screws shown at right. 


ere’s a product-improving fact of- 
ten overlooked: The same form- 
ing operation that produces large 
volumes of strong fasteners at sur- 
prisingly low cost can also be used 
for headed, special mechanical parts. 
Cold heading upsets metal along its 
own axis. Flow lines are continuous, 
without folds, giving greater head 
strength against shear, fatigue and 
impact. Moreover, the material has 
better quality to start with, since un- 
sound metal would distort or open in 
the operation and be rejected auto- 
matically. Uniformity is assured. 
Finish is also better. 


Designers and production men get 
all these physical advantages when 
using RB&W standard bolts and cap 
screws. They can also have them in 
special parts at low cost when the 
need is of sufficient volume to justify 
machine set-up time. For more infor- 
mation and help on your specific 
needs, write Russell, Burdsall & Ward 
Bolt and Nut Company, Port Ches- 
ter, N.Y. 


Plants at: Port Chester, N.Y¥.; Cora- 
opolis, Pa.; Rock Falls, Ill.; Los Ange- 
les, Calif. Additional offices at: Ardmore 
(Phila.), Pa.; Pittsburgh; Detroit; Chi- 
cago; Dallas; San Francisco. 











30% faster assembly — 
and joints stay tight 


When famous-make chain saws were 
fastened with regular screws plus wash- 
ers, they loosened on the job. Then 
SPIN-LOCK screws were used, These not 
only held tight, they also speeded as- 


sembly time 30%. What’s more, they cost 
no more than former screw plus lock 
washer. 


SPIN-LOCK screws have self-anchors in 
the form of hardened, tiny teeth which 
dig in and hold under severe service. 
Various types, sizes and heads available. 
Send for data or see Sweet’s Product 
Design File. ; 
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rrent Motor 


KINAMATIC « new standard 


in direct-current motors, 


gives your machines wider 


speed ranges, greater output 


To meet modern industrial needs for faster, more auto- 
matic, more continuous production, General Electric has 
designed an entirely new direct-current motor—the d-c 
Kinamatic. 


Designed for Automation—Now, a direct-current motor 
has been designed for the modern job it has to do— either 
as individual motor drive or in regulating systems. The 
new General Electric d-c Kinamatic motor supplies the 
wide speed range and versatility required for today’s 
manufacturing methods. It is designed for the close con- 
trol of machines and split-second timing of processes 
essential to higher output. 


Accelerated Production—The new d-c Kinamatic motor 
will modernize your equipment, give it increased power, 
higher speeds, greater output capacity. With the quick- 
acting G-E Kinamatic motor, your machines will process 
a greater variety of products. . . faster... easier... 
and with less maintenance and spoilage. 


More Powerful—-By combining advanced design with 
improved materials and manufacturing techniques, 
General Electric engineers have packed more power into 
the entire Kinamatic line. The powerful Kinamatic motor, 
with new stamina and durability, is rendy to become one 
of your most effective weapons for keeping costs down, 
for meeting competition, for boosting productivity levels. 


Engineering Help—Industrial specialists in 149 con- 
veniently located General Electric Apparatus Sales 
Offices have the complete story on how the new d-c 
Kinamatic motors and generators can benefit your 
operation. For full details, contact your G-E Sales 
Representative, or write for Bulletin GEA-6355. Direct 
Current Motor and Generator Department, General 
Electric Company, Erie, Pennsylvania. 813-1 


* Trade Mark of the General Electric Company 


Progress /s Our Most Important Product 


GENERAL @@ ELECTRIC 





-Weight-Litting 


CHA 


Steel ingots weighing 375 tons— 
the largest made—are safely han- 
dled by this hefty lifting beam, 
shown during fabrication in our 
Weldment Shop. 

Welded construction permitted 
the designers to provide plenty of 
strength and rigidity while elim- 
inating unnecessary weight. And 
that’s especially important in a 
lifting beam, where every excess 
pound is dead weight. 

If you have a job in mind that 
calls for strength and rigidity with 
the least possible weight, we sug- 
gest that you consider a weldment. 
And when you do, please remember 
that our Weldment Shop special- 
izes in custom weldments of every 
type: machinery frames, press 
bases, pressure vessels, etc. May 
we give you more information? 
Just call or write the Bethlehem 
sales office nearest you. 





BETHLEHEM STEEL COMPANY 
BETHLEHEM, PA. 
On the Pacific Coast Bethlehem products are sold by 


Bethlehem Pacific Coast Steel Corpor ation 
Export Distributor: Bethlehem Steel Export Corporation 





eraleHey 


wen BETHLEHEM STEEL 
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These FX [RAS make Link-Belt Roller Chain 


a credit to your machine 


’ 


-o-- 





LOCK-TYPE BUSHINGS (ap- 


plied on a range of sizes) 
end a common cause of stiff 
chain. 





PRE-STRESSING of multiple 
width chain provides uniform 
load distribution. 


With tangential Link-Belt roller chain drive replac- 
ing several gears, latest design of Troy Speedline 
Ironer features higher capacity, quieter operation. 


NCLUDE Link-Belt Precision Steel 
Roller Chain in your design—and 
you’ve a better machine to show for 
it. Vital extras added to top-standard 
manufacturing methods give this 
chain an edge in strength and dur- 
ability . . . longer service life. 

For wide design flexibility, Link- 
Belt roller chain covers the range of 
single and multiple widths—%4 
through 3-in. standard pitch and 1 


LINK: 








‘OF 
CD: 
= 3 
A A 





through 3-in. double pitch with 
sprockets of corresponding sizes. 
The 148-page Data Book 2457 fur- 
nishes complete application details. 
Ask your Link-Belt office for a copy. 

Remember Link-Belt, too, for all 
other drive and conveying chain. Si- 
lent, cast, combination, forged and 
fabricated steel chains — sizes and 
types for all requirements are in- 
cluded in this complete line. 


‘BELT 


14,040 





CHAINS AND SPROCKETS 


LINK-BELT COMPANY: Executive Offices, Prudential Plaza, Chicago 1. To Serve Industry There Are Link-Belt 
Plants and Sales Offices in All Principal Cities. Export Office, New York 7; Canada, Scarboro (Toronto 13); 
Australia, Marrickville, N.S.W.; South Africa, Springs. Representatives Throughout the World. 





SHOT-PEENED ROLLERS have 
greater fatigue life, added 
ability to withstand impact. 
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Silent Chain LXS Steel Chain 
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Detachable 
Steel Link-Belt 


$-815 Cast and 
Flat-Top Chain Cut-Tooth Sprockets 
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Are You Aware of the Exciting Opportunities 
for Product Improvement that Exist Now? 


Today, industry is forging ahead in the development of 
products little dreamed of only a few short years ago. 


Instrumentation . . . miniaturization . . . more auto- 
matic production... all are demanding parts and 
components with new operating advantages. And High 
Nickel Alloys are playing an important part in meeting 
the needs. Are you aware of the opportunities High 
Nickel Alloys offer? For example, do you know 
you can... 

...Design smaller, lighter weight units through 

the use of “extremely sensitive” alloys that 

respond to very weak electrical currents? 


... Assure precision product performance with 
the help of an alloy that exhibits infinitesimal size 
change through temperature ranges up to 400°F? 


...Compensate a given magnetic field for tem- 
perature changes to insure consistently accurate 
product performance? 





P  [arpenter - 


And the list goes on... an exciting list of properties 
that can lead to rewarding fields of new and im- 
proved products! 


Getting High Nickel Alloys to do special jobs for you 
... making them behave in the way you want them to 
behave .. . is an opportunity we welcome. By making a 
team of your engineering experience and Carpenter’s 
ability to produce closely controlled High Nickel Alloys 
with predetermined behavior, you often take an imme- 
diate step to product improvement. To help you in this 
job, Carpenter manufactures an unusually complete 
line of High Nickel Alloys ... Temperature Compen- 
sator, Low Expansion, High Permeability and Glass 
Sealing Alloys. These are available in the largest variety 
of forms including strip, wire, bars, tubing, forging 
billets, etc. Ask for detailed engineering and application 
information. A note on your company letterhead is all 
that’s necessary. 


_——- eh —— -3 ees 





High Nickel Alloys | 





s 


Pioneering in Improved Tool, Alloy and Stainless Steels Through Continuing Research 
THE CARPENTER STEEL COMPANY, 120 W. Bern St., Reading, Penna. 
Export Department: The Carpenter Steel Co., Port Washington, N.Y.—‘“CARSTEELCe” 
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SAFEGUARDING 
INDUSTRY'S 


for free catalog 104 
on Eastman Hose 
Couplings and Bul- 
letins 231B & 232B 
on Straight and An- 
gled Adapter Unions 


Since 1914 
Dept. MD-5, Manitowoc, Wisconsin 
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Want to use new NEMA mounting dimen- 
sions for integral horsepower motors? 

Do it with A. O. Smith Integrals! Optional frame 
mountings fit NEMA sizes 182, 184, 213, 215. 





SEALED STARTING SWITCH 
AND ACTUATOR 


Exclusive development . . . totally-enclosed 
in end frame. No need to remove motor 
from line for switch service. 








Want to keep old mountings but still enjoy 
all the advantages of new NEMA ratings? 

Do it with A. O. Smith integrals! Optional frame 
mountings fit old NEMA sizes 203, 204, 224, 225. 


DRIP-PROOF CONSTRUCTION 


Motor can be mounted in any position . .. 
drip-proof thru 360° cycle... simply ro- 
tate end brackets. No foreign matter can 
enter vent holes. 


PRE-LUBRICATED BEARINGS 
Shielded bearings assure protection 
against over greasing . . . provide even 
load distribution under all working 
conditions . . . quiet operating. 
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integral hp motors have 


frame mountings to fit your product specifications... 





with either mew or old NEMA dimensions. 


—— no need to change product design or 
manufacturing processes to enjoy all the ad- 
vantages of new NEMA specifications for integral 
hp motors. A. O. Smith offers you motors with 
optional frame mountings — either the old speci- 
fications or the new. 

Optional frame mountings for integral hp 
motors is one of the features used by A. O. Smith 
in “Application Engineering” motors to your par- 
ticular design requirements. There’s no need to 
adapt your product to the design limitations of a 
t) conventional motor. 

Whatever your speed or design requirements, 
there’s an A. O. Smith integral hp motor available 
to power your products. Integrals are built in sin- 
gle and polyphase . . . in various speeds and fre- 
quencies . . . choice of frame mountings for either 
old or new NEMA dimensions . . . C and D 
flanges with special flanges as required ... 1 thru 
150 hp. 

Produced by one of America’s great industrial 





concerns, these motors are backed by a national 
network of 270 strategically located factory serv- 
ice stations. 

There’s one near you — ready to provide 24- 
hour action on all parts and service orders. 


For more information on A. O. Smith 
integral hp motors, write for new Bul- 


letin No. EM156. 







...@ better way 


Through research < 


ar @ 
coos F O fF A Tt tO WN 


TIPP CITY, OHIO 


international Division: Milwaukee 1, Wisconsin 








application-engineered to match your product requirements 


v ‘ 
“>? d 


iF 
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FULL-ROTATING CONDUIT BOX 


Can be set at any angle. Designed to 
save motor space and speed installa- 
tion. Loosen only three screws to ro- 
tate conduit base. 


ing life. 
high-quality silicon steel. 
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DYNAMICALLY-BALANCED ROTOR 


Assures continuous, vibrationless, trouble- 
free performance and maintains long bear- 


Indestructible laminations are 





CONTROLLED THRU-VENTILATION 


Cooling system designed for high-volume, 
low velocity air for maximum heat trans- 
fer. Temperature held to absolute mini ¥ 


assuring longer insulation life. 
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Large OD Thin Wall Tubing offers 
New Answers to Design Problems 


Superior specializes in an unusually wide range of analyses, shapes and sizes 


Today’s design engineers are finding large OD thin wall 
tubing by Superior answers more and more of their design 
problems. Its light weight makes it ideal for ducting, fuel and 
oil lines in aircraft. Thin wall tubing also functions efficiently 
as a low pressure heat exchanger tube. Because of its close 
tolerances, ductility, and bright, clean OD and ID surfaces, 
Superior thin wall tubing is an excellent choice for flexible 
metal hose for the food, chemical and aircraft industries. 
Other applications include bellows, solenoid cylinder cores, 
cylinder liners for automobile hydraulic brakes, fractional 
horsepower motor casings, ceramic drills, electron power tube 
anodes and cathodes, and casings for radioactive well 
logging instruments. 


A number of analyses in large OD thin wall seamless and 


Weldrawn* tubing are available at Superior. Stainless, carbon 
and alloy steels, beryllium copper, titanium, nickel and nickel 
alloys are offered in sizes up to 14%” OD with .035” wall 
maximum; Monel and certain analyses of stainless steel in 
sizes to 244” OD with .025” wall maximum. 

Superior tubing can be supplied in random, multiple or cut 
lengths up to 30 feet, and in any of three standard tempers 
(fully annealed, soft; half-hard drawn; full-hard drawn) or 
in special tempers required by Government, aircraft and cus- 
tomer specifications. Thin wall tubing can be shipped in special 
cardboard cylinders, to protect it from dents and scratches. 
For additional information, get your free copy of Data 
Memorandum No. 4. Write to Superior Tube Company, 
2010 Germantown Ave., Norristown, Pa. 


Syoerrir Jule 


The big name in small tubing 
NORRISTOWN, PA. 


{// analyses .010" to ¥%" OD—certain analyses in light walls up to 2V¥." OD 





West Coast: Pacific Tube Company * 5710 Smithway St., Los Angeles 22, Calif. * RAymond 3-133] 
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Anaconda specifies Enjay Butyl rubber 


TO DEFY OZONE IN HIGH-VOLTAGE CABLES... 


for more current per circuit...more power per dollar 


Anaconda specifies Enjay Butyl insulation for high-voltage cables be- 
cause this rubber has incredible resistance to ozone. Surpassing the in- 
dustry’s standard three-hour specification test, Enjay Butyl insulation 
used by Anaconda showed no injury after 72 hours of ozone concentration 
tests—24 times longer than specification requirements. Other rubbers 
would deteriorate and crack in a fraction of this time. 

With the help of Enjay Butyl, millions of feet of Anaconda’s cable 
now in use deliver more current per circuit, more power per dollar. 

Perhaps your product, too, can be improved with versatile Enjay 
Butyl. It comes in non-staining grades for white and light-colored parts, 
offers excellent electrical properties, low price and immediate availability. 
For full information, contact the Enjay Company. Complete laboratory £ U T Yy L 
facilities and technical assistance are at your service. i 





Enjay Butyl] is the super-durable rubber 
Ensay) Pioneer in Petrochemicals with outstanding resistance to aging « 
abrasion « tear « chipping « cracking « 
ENJAY COMPANY, INC., 15 West 5ist Street, New York 19, N. Y. ozone and corona « chemicals « gases 
Other offices: Akron + Boston + Chicago « Los Angeles + Tulsa « heat « cold « sunlight + moisture. 
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AUTOMATIC CONTROL OF 


@ A REEVES engineering report on a new 
control that completely automates me- 


chanical variable speed . . . accurately 


controls and integrates processing variables 





New Control Demands 


Recently, with the intensified interest in automat- 
ing production and processing lines, there devel- 
oped many new measuring instruments whose 
signals had to be translated into automatic con- 
trol of variable speed drives. These signals re- 
flected changes in many variables—such as pres- 
sure, flow, weight, level, color, light intensity, 
radio-activity and peripheral speed. 

The instrumentation industry has been ingen- 
ious in developing devices to sense and measure 
these variables, translating them into the industry 
standard of 3 to 15 psi air pressure; each equal 
increment of change in psi representing a linear 
change in the measured signal. 

The need, then, has been for some type of auto- 
matic control to accurately and continuously 
transfer the instrument air signal to equally pro- 
portioned changes in the output speed of the 
variable speed drive. 


RATS a | 


TO 2ND STAGE 1ST STAGE 
HEAT EXCHANGER HEAT EXCHANGER 




















FACTORY 
AIR SUPPLY 






VAPOR 
LIQUID 
SEPARATOR 












LIQUID 


> | 









3-15 PSI 
CONTROL AIR 








POSITIVE 
DISPLACEMENT 
PUMP 






PNEUMATICALLY 
OPERATED 
VARIABLE 
SPEED DRIVE 





The most logical choice for the basic mechan- 
ical variable speed drive is the versatile and effi- 
cient REEVEs Motodrive . . . an inexpensive 
power package that combines the motor, variable 
speed mechanism and gear head reducer into one 
compact unit. The Motodrive operates on the 
time-tested principle of a V-belt driving between 
two pairs of cone-shaped discs which are adjust- 
able to form an infinite number of driving and 
driven pitch diameters to give variable speed at 
the output shaft. 





Reeves Automatic Control 


By replacing the manual ‘Shandwheel control’ 
of the Motodrive with a pneumatic REEVEs Auto- 
matic Control, output speeds are continually ad- 
justed in direct (linear) proportion 
to the signal changes of the meas- 
uring instruments. 

An increase in the instrument 





MACHINE DESIGN 











FI\VARIABLE SPEED DRIVES 


a “ ’ 


control pressure activates a valve, admitting sup- 
ply air to a cylinder chamber. This force against 
the air piston in the cylinder moves the speed 
shifting mechanism of the REEVEs Motodrive to 
increase the output speed. 

A decrease in control pressure exhausts air from 
the cylinder chamber, causing a decrease of the 
output speed. Any change, therefore, in control 
pressure of the measuring instrument gives an 
automatic corresponding change in the output 
speed of the REEVEs Motodrive . . . resulting in 
exact processing control. 


Cam-Compensated Design 





}-_——— ou Put SPEEO RANGE ———_____-. 


PSI 






Inherent speed curve 


REEVES 
“Cam-Compensated™ 


Linearity 


"nRCVVunNnD De BP a Em ECB aH ZH 


MIN. 25% 50% 75% MAX. 
SPEED 


SPEED 
CONTINUOUS LINEAR OUTPUT speeds in 


Proportion to instrument air pressure 











The output speed of this type of variable 
speed drive with standard controls is in the 
form of a curve. 


The REEvEs Automatic Motodrive incorpor- 
ates a cam to control output speeds in direct 
(straight line) proportion to instrument air signal 
variations. This cam is contoured to produce 
linear speed changes over the entire output speed 
range of the Motodrive. 
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utilizes this Reeves Control 


Evaporating the natural waters from fruits to 
produce fruit concentrates has greatly reduced 
the cost of packing and shipping of fruits. 


Great care must be exercised in the exposure 
of the fruit pulp to temperature and pressure to 
retain the natural flavor. 


A recently designed and remarkably fast one- 
pass process incorporates REEVES Automatic 
Motodrives to automatically control the crit- 
ical relation between concentrate density and 
rate of flow. 


As water is evaporated from the fruit pulp, 
the smaller volume reflected by the dropping 
level in the liquid-vapor separator is sensed by 
a pressure differential transmitter. 


Converted to 3-15 psi air, this signal works 
through the automatic controller to reduce the 
speed of the REEvEs Motodrive and, in turn, 
the speed of the constant displacement dis- 
charge pump. 

The REEvEs Automatic Motodrive, used in 
connection with modern instrumentation, is your 
answer to flexible, sensitive, accurate speed con- 
trol for automatic processes. 

We don’t know ail the possible applications for 
this control . . . but our engineers will be glad to 
work with you on your design problems. 

For more details, write for Bulletin H25-M542. 


REEVES DIVISION * COLUMBUS, INDIANA 


RELIANCE incinstaine co-* 
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Aircraft Quality 
STAINLESS 
INVESTMENT | 
CASTINGS |~ 


in any shape or grade... 








Can your product benefit from the important features 
shown in these Crucible Accumet® precision investment 
stainless castings? They are tube supports for jet aircraft 
engine assemblies, but the characteristics they illustrate 
are just as vital to thousands of other applications. 

WA Accurately produced by the Accumet casting process, they 
are impossible to make in sand or shell mold castings — very 
difficult to forge. 

ND HOLES — like this one, are impossible to forge, expensive to machine, 
and very difficult to sand cast . . . but they can be held to close 
tolerances by Accumet casting. 

RING — Deep or intricate cores — prohibitively costly to machine — can be 

economically produced by the Accumet process. 

HAPED PARTS — difficult to chuck and machine, are economical when they’re 

Accumet castings. 





Next time your designs call for parts with intricate shapes . . . close tolerances . . . 
fine finish ... high quality and uniformity, make them Crucible Accumet castings. 
They are available in any grade of steel or high alloy your product calls for. Let a | 
Crucible engineer give you all the facts about how Accumet castings can save you time 

and money. Crucible Steel Company of America, The Oliver Building, Mellon Square, ) 
Pittsburgh 22, Pa. 


Write for a free copy of the informative folder ‘“‘Accumet Castings” 


| C R U C i 4 LE first name in special purpose steels 


Crucible Steel Company of America 
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Photo shows hairline contact of LPD Clipper Seal which provides negligible 
torque when seal is tested on dry run of torque measuring apparatus. 


How J-M Clipper Oil Seals cut shaft drag 


line contact minimizes interference... 
provides cooler running 


Take a close look at the lip of a Johns-Manville 
Clipper Seal. You'll see how the bearing area has 
been narrowed down to a sharp line contact. That’s 
why you get less power consumption and lower oper- 
ating temperatures when you use Clipper Seals to 
seal in lubricant, seal out dirt. 

What’s more, this line contact requires less lubri- 
cation and yet receives far more in proportion to its 
surface than any other design. It all adds up to 
greater sealing efficiency and longer seal life for 


JOHNS -MANV 


JM 


PRODUCTS 


Clipper Seal users. This exclusive line contact fea- 
ture is provided on all LPD Clipper Seal designs 
which are adaptable to most applications. 

Lower torque is only one of many advantages you 
get with J-M Clipper Seals. Precision moulded from 
a variety of corrosion-resistant compounds specially 
developed for each service, they provide maximum 
sealing ability, long life, wide adaptability and easy 
installation. For more information on the complete 
line of Clipper Seals, write for new 28-page illus- 
trated brochure PK-71A. Address Johns-Manville, 
Box 60, New York 16, N. Y. In Canada: 565 Lake- 
shore Road East, Port Credit, Ontario. 


Johns-Manville CLIPPER SEALS 
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WAGNER ELECTRIC MOTORS... 





THE CHOICE OF LEADERS IN INDUSTRY 





DESIGNER'S NOTE: 
All Wagner Motors are 


OYWAMICALLY GALANELO 


Wagner totally-enclosed fan-cooled motor. Motor balance is important to fine machine tool performance. A well- 
I through 30 hp, NEMA Frames 182-326U, balanced motor greatly reduces vibration—allows your machine tools to 
turn out the accurate work for which they are designed. 


Every rotor, even in the smallest fractional hp rating, used in a Wagner 
Motor is dynamically balanced on balancing machines like that shown 
above. 


Your selection of Wagner Motors for your machine tool applications 
gives you other benefits, too. You can specify totally-enclosed motors 
that are fully protected against damage from filings, chips, dirt, fumes, 
moisture; or open type drip-proof motors—in ratings through 500 hp. 
You add an extra selling point—Wagner Motors are known for depend- 
able performance. You assure users freedom from costly motor mainte- 
nance and even more costly down-time. And—you give your customers 


Wagner open type drip-proof motor. motors that can get on-the-spot service when needed—anywhere in the 
1 through 30 hp, NEMA Frames 182-326U. United States 





M56-9 


Waaner Electric @rporation 


6404 Plymouth Ave., St. Lovis 14, Mo., U.S.A. 


BRANCHES AND DISTRIBUTORS IN ALL PRINCIPAL CITIES 








ELECTRIC MOTORS + TRANSFORMERS + INDUSTRIAL BRAKES + AUTOMOTIVE BRAKE SYSTEMS-AIR AND HYDRAULIC 
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PROBLEM: 


SOLUTION: 
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SAGINAW 
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Now, the pioneer in the development of the 
precision ball/bearing screw and spline offers 
you another great engineering advancement: 
a practical and dependable solution for your most 
difficult actuator space problems! 


The Saginaw Multi-Extending b/b Screw is the 
answer design engineers have been seeking for 
years because: 


1 It provides extended lengths in approximate 
multiples of its retracted length 


2 It will carry a far higher load than any other 
telescoping device in its class 


3 It is far more practical and troublefree than 
previously available telescoping units 


4 It assures dependable, precise positioning 
within thousandths of an inch 


Can be built in a wide range of diame- 
ters and extended and retracted lengths 
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SAGINAW STEERING GEAR DIVISION OF GENERAL MOTORS e Saginaw, Michigan 


ca 
CUCGUTLOULW SOLVES ANOTHER 
POSITIONING PROBLEM! 


SHORT ACTUATOR SPACE 


THIS NEWLY DEVELOPED 





MULTI-EXTENDING b/b SCREW EXTENDS 
SEVERAL TIMES ITS RETRACTED LENGTH 





UE 


- PULLY ExvTENeS?6 oOo" 


PLUS ALL THESE PROVED 
SAGINAW ADVANTAGES 


# Ve 2, ee * fat bal rr we 
vie sR PTs eye ( NS ¥ 


a, 
#, 
© 909% efficiency guaranteed 














@ Re quires upto 1/5 less torque 


than Acme screws 


@ Less drain on power supply 

@ Conserves space and weight 

®@ Operates dependably at ex- 
treme temperatures 


® Functions perfectly with 
only initial lubrication 


| atin Steering Gear Division <= 
Ball Bearing Screw & Spline Operation omg 
General Motors Corporation 
Dept. 5H, Saginaw, Michigan 


Please send your b/b Screw and b/b Spline Engi- 
neering Data Book to: 





Firm 





Address 








| | 
| | 
| | 
| | 
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| | 
| | 
| 
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LinpBeRG INoucTION UNIT 
IMPROVES HEAT TREATING 


Processes Ar J. I. CASE... 


A single Lindberg 2-station High Frequency Induction 
Heating Unit at J. I. Case Co., Racine, Wisc., is providing 
a happy combination of sizeable cost savings and improved 
quality and production efficiency in heat treating parts 

for Case tractors. Actually, the dollar savings effected with 
this Lindberg unit will repay its total original cost in 

less than 2 years! 


This single unit and the five work fixtures provided with it, working 
on 2 to 3 shifts, 5 days a week to meet production requirements, 
heat treat some 63 separate tractor parts. Work fixtures are 

readily changeable, set-up time is materially reduced, and because of 
the 2-station design, the unit can operate continuously while 

work fixture is being changed over on one station. 


J. I. Case reports other advantages, too, from this unit: 
capital investment has been lowered, production has been 
increased, and, with induction heating better control of 
case depth and hardness is achieved. 


Lindberg Induction Heating Units are designed 

for heat treating, brazing, soldering and heating, for 
forming or forging—in machine shops, produc- 

tion lines, heat treating shops—wherever 

there is a need. If you have a heat 

treating problem that induction heating 

might solve why not talk it over with 


SAVES = ITS 


Torat Cost- 
IN 1 YEAR! 


Below is photo of Lindberg unit at 
d. |. Case with 2 fixtures on station. 
Fixture in center easily changed as it 
rolis out on track. Fixture at left is also 
on track for easy movement on station. 
Fixture at right is ordinarily kept on 
station but is provided with rollers if 





your nearest Lindberg Field Repre- 
sentative (see your classified phone 
directory) or write Lindberg for 
Bulletin 1441. 











(Below) This fixture is shown selectively hardening a 
front axle king pin. It handles piece up to 454” long, 
35” of which can be scanned to desired depth. It is 
also used for 34 other parts. 




















(Above) Hydraulic male coupling is being treated on this 
fixture. 3 other parts are treated by it, too. 





(Below) Power take-off hydraulic drive shafts are one of 
the 3 parts treated by this fixture. 


; (Above) This shows fixture handling inlet and exhaust 
valve rocker arms. Same fixture treats 6 other parts. 





(Above) This fixture is selectively hardening pads and 
slots on shifter forks. It is also used for treating 17 
other parts. 
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for young men who want fo catch up 
to their bosses... 


Alcoa’s Up-to-Dater on Forgings 


Four factual pages of news on the world’s largest aluminum die forg- 


ing, latest alloys, titanium, brass forging costs, hand forgings and 
other information for young men who want to catch up to their bosses. 


Here’s the world’s largest 


Forging history is being made as you read this. At 
Alcoa’s Cleveland plant the world’s largest closed 
die aluminum forging is being made. The part is a 
structural member for a jet bomber aircraft wing. 
It is 13 feet long, 3 feet wide, 12 inches thick. And 
it weighs 3,715 pounds. The die blocks weigh 60,000 
pounds each. It is being forged on the giant 5U,000- 
ton press operated by Alcoa for the United States 
Air Force. 

Another example of what these giant presses save 
in machine time, man-hours and money is a jet 
bomber bulkhead. Alcoa was first asked to make it 
as an aluminum hand forging. We did, and it 
weighed 1,625 pounds. Redesigned, it was next 
made as a blocker-type forging on Alcoa’s 15,000- 
ton press. It weighed 830 pounds. Now, here’s the 
kicker. Redesigned again, the part was placed on 
the 50,000-ton press and squeezed out as a precision 
forging. This time it weighed 290 pounds! And 
imagine what happened to costs! 


What does this illustrate? Simply that larger, 
more intricate forgings are a practical reality the 
way Alcoa makes them on the large hydraulic 
presses. Die life is lengthened. Draft angles drop 
from the customary 7° to 0°, in some cases. Machine 
time is cut dramatically. Thinner webs and ribs 
are possible. The actual forging, because it is 
squeezed instead of pounded,has smoother surfaces, 
less chance of surface defects, slivers and laps. And 
while you may never design a part that requires the 
facilities of our 15,000-, 35,000- or 50,000-ton 
presses, it’s obvious that experience learned in 
solving problems like these can effect savings on 
your parts, regardless of the size and quantity. Let 
us prove it. 


Need just a few? Need them in a hurry? Try 
hand forgings 


Hand forgings come awfully close to what the 
blacksmith can beat out with an anvil and hammer. 
Except in Alcoa’s shops,they grow to 2,500 pounds 

































Alcoa’s Up-to-Dater 
on Forgings (continued) 


and 300 inches long and 40 inches wide. Alert de- 
signers specify hand forgings when part requirements 
are few, or when designs are not final. In so doing, 
they avoid die costs and lost time. 

This is old stuff to some, but we wonder if all 
designers realize that hand forgings can be had in 
far more intricate forms than the usual bars, slabs, 
biscuits, etc. And, further, they can be had in all 
the forging alloys. 

The closer a hand forging approaches the shape 
of the finished part, the more metal and machining 
time is saved at your plant. Also, better mechanical 
properties come when the stock is forged to lighter 
sections. This extra quality is reflected in the 
strength of the finished part. But the dollars add 
up as a forging gets closer to the finished part. 
When does it pay? It depends on such things as 
machining costs, scrap wasted, work-load in your 
plant, properties necessary, etc. How to find out? 
Give your Alcoa sales engineer a sketch or drawing 
of the finished piece and an idea of the number 
needed. He will suggest the hand forging that might 
best serve your needs. Or, if you prefer, he will 
submit several propositions involving hand forg- 
ings ranging from the simplest shape to others 
coming closer and closer to your finished part. 

We have just printed an informative, technical 
booklet, Alcoa Hand Forgings. Make sure you 
ask your Alcoa sales engineer for a copy. Or drop 
us a line. 


Big news on small stuff 


We often get so wrapped up in 50,000-ton presses 
and 2,500-pound hand forgings that we fail to 
mention a substantial part of your business and 








ours, i.e., small forgings. We operate a large per- 
centage of our vast number of hammers and 
mechanical presses continuously on small forgings. 
These jobs are in our shops instead of somebody 
else’s for one of several simple reasons: They cost 
less, and or they’re made better, and/or we deliver 
em faster, and/or we give more engineering service. 
It’s the plain, unanodized truth that we can do the 
same for you. Let us quote. 


The latest on titanium forgings 


Titanium being the fourth most abundant struc- 
tural metal in the earth’s crust gives us more than 
a passing interest in the stuff. We don’t make the 
basic metal sponge, or alloy it in ingots. But we are 
doing considerable development work in its fabrica- 
tion that could easily accrue to your benefit. 
Titanium forgings are a case in point. 

Being the country’s largest light metal forging 
facility, we have equipment to do some remarkable 
things with titanium. Heavy-press capacity lets us 
forge it at optimum temperatures. This reduces the 
oxide film that forms at high temperatures and also 
results in better properties. Our pioneering work in 
no-draft forgings of aluminum plus superior die 
design work has helped us eliminate many problems 
of titanium forgings. These and other techniques, 
which we are keeping under wraps, permit us to 
offer titanium forgings at some mighty competitive 
prices. 

Capacity now in operation can handle titanium 
forgings in sizes up to 30x60 inches. Deliveries run 
about the same as aluminum. Typical properties 
go something like this: 150,000 tensile, 140,000 
yield, 15 per cent elongation. 


close to what the blacksmith 
can beat out with 
an anvil and hammer 
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| do some remarkable 


(>) things with titanium 


We see a lot in titanium beyond aircraft and 
ordnance. High-temperature processing equipment 
for corrosive materials is already a proven market 
for titanium forgings. Likewise severe marine 
applications. Now is the time to do some hard 
commercial planning with titanium. We'd like 
to help. 


Buying brass forgings? Why? 

“Why”’—since aluminum costs one-sixth as much 
as brass? 

“Why”’—since aluminum has become so easy to 
forge? 

We don’t expect these simple facts to undermine 
the foundations of the brass forging industry. But 
they are particularly pertinent in these competitive 
days. We don’t mean to imply that every part now 
forged in brass would be less costly in aluminum. 
But the plain truth is that if more users of brass 
forgings would ask themselves ‘““Why,” there’d be 
a whopping lot of money saved. 

A tour through Alcoa’s forge plants will show 
aluminum forgings such as valve and pipe fittings, 
luggage hardware and many other parts that used to 
be brass. They are now aluminum for one main 
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reason only. Cost. Yet it is equally true that these 
users have gained more than money. Their products 
are lighter—about half as heavy for equal strength. 
They are rustproof. They can be colored any shade 
of the spectrum right in the metal surface. They 
conduct heat and electricity like—well, like brass. 

If you have an inkling that your brass part might 
cost less in aluminum, let us inkle with you. The 
difference could be considerable, and the consulta- 
tion is painless and free. 


About quality control 


This is something that everyone talks about, and 
few have to a degree that makes it really worth 
while. Usually the palaver goes something like 
this: ““Every step is closely guarded by standards 
of rigid quality control, using utmost skill and the 
latest methods of inspection.” 

Next time you hear something like that, get the 
specifics and check them against Alcoa’s tally: 
Ultrasonic inspection, fluorescent penetrant inspec- 
tion, destructive testing, sectional testing for grain 
flow, Brinell tests, plus hundreds of visual checks 
and inspections throughout the process. 

There’s a difference. 
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proper balance between i 
mechanical properties, 
cost and all the factors 


Alloys in a nutshell 


Maybe the toughest nut in designing for aluminum 
forgings is picking the right alloy. On the next page 
is a skeleton table along with brief comments about 
each alloy. Note alloys X-7079 and X-2219, just 
announced a few months ago. Alloy X-7079 is a 
new high-strength deal like 7075. But it provides a 
higher level of short transverse elongation plus 
being less apt to distort on machining. Alloy 
X-2219 offers a lot of new features for problems in 
500-600°F range. There’s lots more to the alloy 
story and we think your Alcoa salesman is the right 
man to help you get the proper balance between 
mechanical properties, costs, and all the factors that 
go into the picking of the alloy that’s exactly right 
for your job. 





Alcoa’s Up-to-Dater on Forgings (continued) 






MECHANICAL PROPERTIES OF ALCOA” ALUMINUM FORGINGS 






MINIMUM SPECIFICATION VALUE (1) TYPICAL VALUES (1) 












TENSILE YIELD ELONGATION TENSILE YIELD ELONGATION BRIEF ADVANTAGES 
ALLOY STRENGTH STRENGTH Jo in 2” STRENGTH STRENGTH % in 2” OF ALLOY 













readily forgeable, high 
2014-16 65,000 55,000 10 70,000 60,000 13 strength. 








high strength in 500-600°F 
X-2219 55,000 35,000 6 62,000 43,000 16 pen cbsbrae capone 










good mechanical proper- 
6151-T6 44,000 37,000. 14 48,000 43,000 17 ties, readily forgeable. 






7075-T6 75,000 65,000 10 82,000 72,000 11 highest strength. 









high strength, improved 


X-7079 74,000 64,000 10 78,000 68,000 14 ductility in transverse, less 
quench sensitive. 











high strength at elevated 






4032-T6 52,000 42,000 5 55,000 46,000 9 temperature. Selection be- 
2218-172 38,000 29,000 8 46,000 36,000 10 tween these three alloys 
2018-T61 55,000 40,000 10 62,000 48,000 12 depends on individual re- 






quirements. 











superior welding and braz- 


6061-T6 38,000 35,000 10 45,000 40,000 17 ing qualities, readily forge- 
able, corrosion resistant. 








2025-16 55,000 33,000 16 58,000 37,000 19 Se 
















(1) For forged sections to 4” thick for all alloys except 7075-T6 which is 3” and X-7079 which is 6”. 


Straight talk 


In these days of designing for sales as well as per- 
formance, many a designer has found a competitive 
edge in Alcoa Forgings. This often comes about 
through solid technical thinking contributed by a 
local Alcoa sales engineer and a designer in Alcoa 
forge shops. It is this help, perhaps more than 
machines and equipment, that makes the difference 
in dealing with Alcoa. And the practicality of it all 
is that it’s free. Your first step is to call the local 
Alcoa sales office listed under “Aluminum”’ in your 
classified phone book. Or write, ALUMINUM COMPANY 
oF AMERICA, 1994-F Alcoa Bldg., Pittsburgh 19, Pa. 





Your Guide to 
the Best in 
Aluminum Value 








> 





XUM 





speed reducer 


manufacturers . 


—_—_o + 


™ 
y ™ 
/ WITH \ 
* \ 


© Over half the 





, SES 
¥ i -s 
ry 
re 
“ 


a, 
——=—=>S= 
























/KLOZURE== 
\ Oil Seals / : 


~~, - 


ee 


Cross sectional view showing 
Garlock KLOZURES on one of a 
complete line of speed reducers 
made by Dodge Mfg. Corp., 


Mishawaka, Indiana. 


Makers of such fine precision products as The Dodge 
Torque-Arm Speed Reducer will not compromise when 
specifying oil seals. They know that the reputation of 





Model 53 finger spring 
KLOZURE for normal 
and high speed service, 
applied to a shaft to 
protect the ball bearing. 


Ty 
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THE GARLOCK PACKING COMPANY, Palmyra, New York 


For Prompt Service, contact one of the 30 sales offices and warehouses throughout the U.S. and Canada. 


(Jannocx 


their entire product may depend on the quality of the 
oil seals they put in it. 


Think about this the next time you have occasion to 
specify oil seals, and we think you'll choose Garlock 
Kozure Oil Seals—guaranteed to do the job you spec- 
ify with minimum power loss and heat generatien. 


K.ozures are available in a complete range of types and 
sizes. Therefore, be sure to call in one of Garlock’s 125 
trained sales engineers right at the start. His experience 
will save you time and money. Or, write today for 
Catalog No. 10. 


*Registered Trademark 
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Packings, Gaskets, Oil Seals, Mechanical Seals, Rubber Expansion Joints 
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You can easily remove a single pole 


from any CLARK Type 


Each pole in the new CLARK heavy-duty relays is an integral 
unit that can be quickly removed or replaced from the front 
without disturbing other poles. You need disconnect only two 
wires and loosen one mounting screw—regardless of the number 
of poles in the relay. Compare this with other types of relays 
where the whole device must be removed to accomplish the 
same thing. For example, with a conventional 6 pole relay, 
14 wires and 3 mounting screws must be removed. 

All terminals are located on the front. They are “pressure” type, 
eliminating need for looping wire. Coil-changing and magnet 
replacement can also be done quickly from the front without 
removing relay from panel. 


Write for Bulletin PL-7305 
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“PM” Relay 


Each pole is 
contained in its 
own melamine 
housing. 





A short circuit through one set of contacts is 
confined to a single pole and will not destroy 
the whole relay. Enclosed top projects from 
dust and dirt, and serves as wiring shelf. 


1146 East 152nd Street ° * Cleveland 10, Ohio 














Camco, Inc., of Houston, Texas, spe- 
cializes in oil field equipment. 

They produce a gas lift valve which 
can be installed in, or removed from, 
an oil well without pulling the tubing. 





Inside the valve is a latching cam to 

lock it in place. And that little part 

caused Camco expense and trouble — 
until they came to Inco. 

The part had to be resistant to oil 


well corrosives — strong to take the 
pressures — hard so that it wouldn't 


gall, seize or change shape despite 
years of exposure to corrosion, abra- 
sion, shock and pull. 

One metal they tried was hard 
enough, but too brittle. And costs to 
machine the part from bar stock seemed 
out of line. 

Camco, already using Inco Nickel 
Alloys — Monel* nickel-copper alloy 
and ““K’’* Monel age-hardenable 
nickel-copper alloy — for other parts 
of the valve with good results, decided 
to consult Inco on this one. 

Inco engineers recommended preci- 
sion investment castings in “S’’** Monel 
hard-grade nickel-copper cast alloy. 

The price of the finished cam, in- 


May 31, 1956 











cluding the cost of drilling and lap- 
g g 
ping, cut Camco’s cost on this part 
84 per cent! 


Can You Cut Costs 
with Inco Precision Castings? 

Whenever you have a part which is 
6 inches x 5 inches or smaller, weighs 
under 3 lbs., requires starting toler- 
ances as close as plus or minus .005 
inch per linear inch, and needs 5 or 
more fabrication steps, there’s a good 
chance you can save by having it 
precision cast. 

What Alloys Can Be 
Precision Cast? 

You may obtain precision castings 
from Inco in many metals and alloys, 
from plain carbon steel to the new 
super alloys. And no matter what metal 
you specify, you get many advantages. 

Seven Advantages of 
Precision Casting 

Precision castings may save as much 
as 60 per cent of production costs. 
(Savings like Camco’s are unusually 
high.) They also make possible the 
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How precision casting cut costs 84% 


on this small part 


use of extremely hard metals. Reduce 
machine shop bottlenecks. Lead to 
economies through redesign. Reduce 
metal scrap. Often permit the use of a 
higher alloy which otherwise would 
be too costly. Even make possible de- 
signs you previously thought imprac- 
tical to produce. *Re 


gistered Trademark 





Get This Helpful New Booklet 
Trying to keep costs in line on 
some small part? Then write for 
new 16-page booklet, “Cast to 
Outlast.” Contains many ease his- 
tories detailing how others cut 
costs with Inco precision cast- 
ings. There is a good chance this 
helpful data will suggest a prac- 
tical way to cut your costs, too. 











The International Nickel Company, Inc. 
67 Wall Street New York 5, N. Y. 


* 
astings 
... Precision, Sand, Centrifugal 
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WHY GISHOLT SELECTED THE NEW “SPF’’ 
ELECTRIC CLUTCH ORIGINATED BY WARNER 





New drive improves control, _ yy 
saves motor maintenance! | 


Here’s a unique and extremely simple design—one con- 
stant running drive motor belted to a constant speed drive 
sheave, and two Warner Stationary-Field Electric Clutches 
accomplish all functions of starting, stopping, reversing, 
and jogging the spindle of this Gisholt Turret Lathe. 


Benefits to Gisholt users are many, including simpler 
. ' 











control of actuating elements . . . precise inching control 
of the chuck. .. fast reversing... and reduced loading 
on the drive motor. 

Get the jump on competition by doing as hundreds of 
America’s leading equipment builders are doing today . . . eg 
using Warner “RF” Electric Brakes and ‘SF’ Electric 
Clutches to increase machine performance and facilitate 
automatic control. With simple magnetic circuits... 
thicker and tougher friction surfaces and more compact 
design . . . these new Warner units give you all the revolu- 
tionary control advantages made possible by electro-mag- 
netic actuation . . . plus more of the dependable, trouble- 
free operating features your customers want to increase 
their production and control their costs. 

Now in production and ready for delivery to you in 
capacities from 125 to 700 lb ft, maximum static torque 


ratings. 
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EASILY SOLVE POWER PROBLEMS LIKE THESE 
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Textile Machine—Broke magnet is stationary Mobile Power Unit—Electric clutch armature is Guillotine Cutter—Two clutch armatures are Mac 
mounted to motor housing. Armature is mounted on mounted on three drive pins to a free-running mounted back-to-back on drive pins extending mour 
drive pins to hub, which is keyed to a shaft which sheave, driven from the prime mover. The field and through a spider inside the drum. Current is sup- is mo 
drives the brush roll. Perfectly synchronized stop- collector ring assembly are keyed to the driven plied from a slip ring to clutch fields, which are head 
ping of eight rolls is accomplished by adjustment shaft through a hub and taper-lock bushing. Actu- mounted to a hub on the drive shaft. Clutches are mour 
of individual rheostats in the control panel. Tearing ation of a conveniently positioned remote control actuated simultaneously by a rotating crank, con- mour 
and piling up of material between rolls has been switch energizes the field, which locks with the trolling drum drive and conveyor feed. Adjust- spin 
eliminated while stopping the machine. armature and engages the pump drive. ment of crank throw controls size of material cut. impr 





Machine Tool—Free running sheave is used as 
mounting hub for clutch armature. Clutch magnet 
is mounted to collector ring assembly and keyed to 
headstock spindle. Brake magnet is stationary- 
mounted to machine casting, while armature is 
mounted on pins set in hub, which is keyed to 
spindle. Fast switching from clutch to brake permits 
improved inching and jogging, easier control. 


Precise inching of the 
spindle is controlled by 
applying reduced cur- 
rent to the forward drive 
clutch field, 


When the forward drive clutch is operating and the reverse clutch is 
energized, the reverse clutch acts momentarily as a brake to decelerate 
the spindle, and then as a clutch to accelerate it in the opposite direc- 
tion. The braking action is exiremely fast, and the acceleration is excep- 
tionally smooth, 


Beat competition with 
ELECTRIC BRAKES 
AND CLUTCHES 


Warner Electric Brake & Clutch Co. 
Dept. MD, Beloit, Wisconsin 


Please send copy of your new 
Condensed Catalog No. 6212. 


Nome. 
Company _____ 
Address 


City 








SKF° Has Them All 


If you want to be sure you are putting the right bearing in the 
right place in your product, check with cs —the one bear- 
ing manufacturer selling all four major types of anti-friction 
bearings. From this single source, you quickly and easily get 
unbiased advice based on the broadest experience in the anti- 
friction field. SMF INDUSTRIES, INC., PHILADELPHIA 32, PA. 


SKF 


Ball Bearings) Cylindrical Roller Bearings 


Spherical Roller Bearings “Tyson Tapered Roller Bearings 
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Prolong engine life 


CHECK OIL NOW! 


-» Change it regularlij 
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FOR COMPLEX FABRICATION. In chemical plants, these FOR ABRASION AND CORROSION RESISTANCE. Oil can 





Stainless Steel acid catchers are used to remove racks stand out in all kinds of weather, and the sup- 
dilute sulfuric acid from gases. Continental Boiler & port strips are constantly rubbed and knocked by the 
Sheet Iron Works in St. Louis fabricated the units. heavy cans of oil. Modern Metal Products Company 
Notice the complicated curves in the helix plates, and of Greensboro, N. C. makes the strips out of Stainless 
the neat joinery . . . a tribute to fine craftsmanship Steel so they will stay bright and new-looking, and 
and the workability of Stainless Steel. never get banged out of shape. 


NOTHING can equal 
Stainless Steel 


In its combination of desirable properties 





No other design material can match Stainless Steel in its com- 
bination of desirable properties: corrosion resistance, strength 
and hardness, beauty, cleanability and easy fabrication. When 
seeking a source of supply, remember that United States Steel 
offers you the widest range of types, finishes and sizes. 





UNITED STATES STEEL CORPORATION, PITTSBURGH * AMERICAN STEEL & WIRE DIVISION, CLEVELANO 
COLUMBIA-GENEVA STEEL DIVISION, SAN FRANCISCO * NATIONAL TUBE DIVISION, PITTSBURGH 
TENNESSEE COAL & IRON DIVISION, FAIRFIELD, ALA 
UNITED STATES STEEL SUPPLY DIVISION, WAREHOUSE DISTRIBUTORS 
UNITED STATES STEEL EXPORT COMPANY, NEW YORK 


FOR SANITATION. These Stainless Steel shelves | ISS STAI N LE SS STEEL 
are made by the Eastern Steel Rack Company, S 


Boston, Massachusetts, for use in cold storage 

rooms. They are easy to clean, and offer a sani- SHEETS + STRIP - PLATES - BARS - BILLETS 
tary, corrosion-resistant surface for food prod- PIPE - TUBES * WIRE - SPECIAL SECTIONS 
ucts of all kinds. ° 











UNITED STATES STEEL 











hhis fastener 


works 
through thick and thin! 








HERE’S HOW SPRING-LOCK WORKS 


Spring-Lock—the easy-to-use removable fastener for mod- 
ern designs— works whether panel thicknesses run over 
or under specifications! Spring wire deflects automatically 
to handle greater or lesser thicknesses. Spring-Lock’s de- 
sign flexibility makes it more than a fastener: it can be 


adapted as a shelf support, door strike, knob or any 





similar panel-mounted device. Many standard shapes and 1. Insert fastener. 2. Half-turn locks it in place. 
sizes of Simmons Spring-Locks are available from stock. 
With production costs on the uptrend, you can 
SIMMONS FASTENER CORPORATION figure on Spring-Lock as an assembly time 


1756 North Broadway, Albany 1, New York and money-saver, because: 


@ Installation is BLIND 
“ QUICK-LOCK @ Installation is EASY: no special tools are 
SPRING-LOCK needed 
| | O 1) S ROTO-LOCK @ Installation is QUICK: a half-turn locks it 
LINK-LOCK in place 
DUAL-LOCK @ Installation is SECURE: the spring steel 
JUST OUT! locks the fastener, resists vibration 


MEW 36-PAGE CATALOG WITH APPLICATIONS 





Send for details and samples, or write us about 
your fastening problem. 


SEND FOR IT 
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J&L custom-made hot extruded 
cold drawn sections... ay 
boost production, cut over-all costs ae 


EXTRUDED 


MOT EXTRUDED AND COLO DRAW, 








Progressive industry is today utilizing J&L’s Custom-Made, 
Hot Extruded Cold Drawn Steel Sections to: 


1. Eliminate time and costs in machining and finishing 
operations 


Write today for your 
copy of this free new 
booklet which gives 
detailed information 
about the many 
money- and time- 
saving advantages 


STEEL J&L Extruded Sec- 
tions offer you. 


2. Reduce scrap losses practically to the zero point 





3. Eliminate the cost of castings and forgings of intricate 
sections requiring considerable machining 


4. Reduce inventories due to quick availability of extruded 
sections from the J&L plant 


These sections can be extruded and cold drawn to the exact - 
specifications of the parts you require — in any quantity you Jones - La ughlin 


specify. Even the production of a single extrusion can be 
economical. Obtainable in a wide range of material grades, STEEL hestassnsinntnaleniicl sichtriatecittinaed 


J&L Extruded Sections can be produced in a large variety | 
of shape profiles — within limits of a design which can be | 
inscribed within a two-inch circle. Many shapes that cannot 
be hot rolled are practical for the extrusion process. 





Jones & Laughlin Steel Corporation 
3 Gateway Center, Dept. 410, Pittsburgh 30, Pa. 


Please send me your new Booklet on Extruded Sections. 














The mechanical properties of J&L Extruded Sections are |, Nome 
equal to or superior to those obtainable from equivalent | Tite 22 $$$ 
grades conventionally cold drawn. Cold drawn tolerances are |! — Company ; _ inseinaiinemeiiti 
accurately maintained. The excellent surfaces of these Ex- | Street onbiiiamaimias haesiiindaniatntetia 
truded Sections require little — if any — finishing operations. City itccunsinnsi eae 
Send us your inquiry for prompt and efficient J&L service. | fa | 
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-LOCK TEENUTS. 


PATENT APPLIED FOR 





NEW 





@ self-locking 





— a | 
a = ®@ vibration-proof 

” ] : @ one-piece construction 
, @ proven effectiveness 
@ highly adaptable 


@ re-usable 








The upper portion of this precision-made Teenut incorporates 
a V-type notch with the circumference of the barrel compressed 
inwardly toward the axis to form a permanent set. This makes it a 


re-usable, prevailing - torque -type, self-locking nut. 

It is a one-piece, self-contained unit in which the self-locking device 
is an integral part of the design. No non-metallic materials or stamped 
parts are used so that the V-lock Teenut is not affected by heat or oils 
and has high tensile strength. 

As the V-lock Teenut does not rely on base load to obtain its friction 
grip, it may also be used as a stop nut. (Indentations in base flange 
are welding bosses). 





UNLIMITED VARIETY 

V-lock Teenuts can be engineered in var- 

ious shapes and sizes to suit customer's 
GRIPPING AREA specifications, Can be manufactured in vol- 

ume... in brass, bronze, stainless steel, alu- 

minum, etc.... with unified screw threads, 











EVERY THREAD IS LOAD CARRYING Gises 2B, in both costse sad Sue thread 
series. Finishes: zinc, cadmium, chrome, 
NORMAL CLEARANCE parkerized, etc. to customer's specifications. 








Bolt spins freely into nut until it reaches grip- 
ping area. Then, spring action creates strong, 
metal-to-metal wedging force, locking threads of bolt and 
nut together to make assembly virtually vibration-proof. 
Bolt may be removed and replaced many times without 
loss of effectiveness in nut. 





The V-lock Teenut is but one of thousands of special purpose fasteners designed 
and manufactured by United-Carr to help speed assembly, cut costs and improve 
product performance. For further information on the V-lock Teenut or for help 
with any other fastening problem, consult your nearest United-Carr field repre- 
sentative or write us for his name and address. 


UNITED-CARR FASTENER CORPORATION 


31 Ames Street Cambridge 42, Mass. 
MAKERS OF FASTENERS 


SEE US AT BOOTH 511, DESIGN ENGINEERING SHOW 
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The 65-ton weldment above is the crown for a large press. This 
piece, and the parts and assemblies illustrated at the left, are 
typical of thousands of Steel-Weld Fabricated units produced and 
machined by Mahon for manufacturers of processing machinery, 
machine tools, and other types of heavy mechanical equipment. 
Are YOU making full use of welded steel components in your 
products? In the design of almost any type of heavy machinery 
there are pieces and sub-assemblies that can be produced more 
economically in welded steel—and with the additional advantages 
of less weight, greater rigidity and predictability. When you con- 
sider weldments, think of Mahon . . . because, you will find the 
Mahon organization a unique source of supply for welded steel 
in any form . .. a source with complete facilities for design 
engineering, fabricating, machining and assembling . . . a source 
where design skill and advanced fabricating techniques are sup- 
plemented by craftsmanship which assures you a finer appearing 
product embodying every advantage of Steel-Weld Fabrication. 
See Sweet's Product Design File for information, or, better 
still, have a Mahon sales-engineer call at your convenience. 


THE R. C. MAHON COMPANY «© Detroit 34, Michigan 


Sales-Engineering Offices in Detroit, New York and Chicago 

























Engineers and Fabricators of Steel in Any Form for Any Purpose 


Se 
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ONE OF A SERIES OF INFORMATIVE MESSAGES FROM HYATT..: «= 








yvlindrical Roller 
Bearing Retainers... 


The seven basic types in current use... 
their influence on bearing cost and 
performance ...why one type is best suited 
to your individual design requirements 


Most cylindrical roller bearings consist of an 
inner race, an outer race, a complement of rollers, 
and a cage or separator which locates and guides 
the rollers. There are significant differences in the 
design and construction of these roller retainers. 
(The word “retainer” is used to designate both a 
cage, which retains the rollers, and a separator 
which only spaces the rollers.) Some retainers are 
simple and economical, well adapted for volume 
production, and designed for use where price is a 
primary consideration. Others are more costly to 
make but are designed for improved roller guid- 
ance, to insure cooler or smoother operation, or to 


provide longer life in heavy duty service. 


Beginning with the most elementary, here are the 
seven basic types of cylindrical roller bearing re- 
tainers in current use, with a brief outline of their 


construction and characteristics: 


1. TRUNNIONED ROLLER CAGE 
The trunnioned roller cage is used for bearings of very thin 
annulus, where the rollers must be small in diameter, closely 
spaced, and relatively 
long. The end rings are 
economical hardened 
steel stampings, into 
which the trunnioned 
rollers are inserted. The 
bars which connect the 
end rings are riveted to 
the rings at assembly so 
that the rollers and cage 
form an integral, non- 
separable unit. Thus, 
outer or inner races can be omitted if desired, with rollers 
operating directly on a suitably hardened shaft or housing bore. 
This cage is an economical design for volume production and 
possesses excellent operating characteristics for a wide range 
of applications. 





2. POCKETED END RING CAGE 

The pocketed end ring cage is restricted to fairly large bore 
bearings with relatively long rollers. The end rings are bronze. 
The steel connecting bars are riveted into the end rings and the 
rollers operate in drilled pockets which guide them accurately. 
The construction has less tendency to twist or rack, and operates 
with less end friction because the outside faces of the bronze 
end rings are smooth un- 
interrupted surfaces. 
This type is known as a 
roller-riding cage, and 
makes no contact with 
the bearing races. It can 
be produced economi- 
cally in small lots and 
since it is non-separable, 
bearing races can be 
omitted if desired. The 
characteristics of the 
pocketed end ring cage make it particularly desirable for 
applications where long life and heavy-duty service are required. 





3. STAMPED STEEL SEPARATOR 
The stamped steel separator does not retain the rollers by itself, 
but merely separates them. It is a one-piece steel stamping with 
the separating bars coined to conform to the roller contour, 
and rides the rollers below 
their pitch line. Rollers 
are guided by the race 
flanges and snap rings, 
in conjunction with the 
cage bars. The simple, 
open design of this 
separator insures large 

rease capacity and good 
corte circulation, 
rendering it relatively 
insensitive to dirt. Since 
the separator is retained axially by the roller ends, there is no 
external requirement for axial location. The stamped steel 
separator is usable throughout a wide range of bearing sizes 
aon rollers are relatively short (the Hyatt Hy-load series), 
and is economical for volume production. 





&. FORMED BAR CAGE 

The formed bar cage is built up of stamped end rings and bars 
formed to the roller contour. The end rings and bars are 
riveted together at assembly, making the race and roller 
assembly a non-separable unit. This cage is used on Hy-load 
bearings, with double-flanged inner or outer races. This 
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design insures quiet 
operation, better roller 
guidance, and provides 
a smooth contact surface 
between bars and rollers. 
This is a roller-riding 
design requiring no race 
contact in operation and 
is well adapted for vol- 
ume production. 


5. DRILLED POCKET CAGE 
To construct this type, a bronze cylinder is drilled and reamed 
to form pockets in which the rollers operate. After the rollers 
are inserted, a flat end ring is riveted in place so that the 
rollers are permanently 
retained in the cage. This 
design provides extremely 
close control of the rollers 
in operation and prevents 
skewing which would 
impair both the thrust 
—_ radial capacity of the 
bearing. This is another 
roller-riding cage com- 
prising a non-separable 
unit suitable for operation 
with inner or outer races omitted. The design insures superior 
erformance and is used in applications requiring bearings of 
one than commercial quality. 





G. SEPARABLE BROACHED 
POCKET CAGE 

This type is used only on the finest-quality bearings where per- 
formance is more important than price. It is made of one integral 
bronze cylinder, with pockets broached for maximum uniform- 
ity. This is the preferred 
type for the finest high- 
speed precision bearings 
because it insures mini- 
mum friction between 
rollers and separator, and 
allows better oil circula- 
tion for cooling at high 
speeds. Moreover, there 
are no thermal differ- 
ences in this monolithic 





construction; the entire unit heats and cools uniformly. The 
separable feature offers the further advantage of roller removal 
for inspection of the race operating surfaces. 


‘7. NON-SEPARABLE BROACHED 
POCKET CAGE 


Similar in construction to the above, this design offers all the 
same inherent operating advantages. It is used in bearings 
where installation must 
be “blind,”’ requirin 
rollers to be aaa 
with the inner or outer 
race. Controlled roller 
drop is provided by 
deforming the connect- 
ing bars at assembly 
after the rollers are in 
place in the cage. This 
insures proper retainment 
but has the disadvantage 
that the bearing cannot be taken apart for inspection. 





HYATT MANUFACTURES ALL SEVEN TYPES 
of cylindrical roller bearing retainers described above 
—each the finest of its type. You will find more details 
in HYATT General Catalog No. 150, or your nearby 
HYATT Sales engineer will be glad to help you choose 
the type best suited to your individual design require- 
ments. Remember, HYATT is America’s first and 
foremost maker of cylindrical roller bearings. Hyatt 
Bearings Division, General Motors Corporation, 
Harrison, New Jersey. 
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e Big pulverizing mills made by Raymond Division, Combustion 
Engineering, Inc., depend on Johnson Bronze Bearings for trouble- 
free performance the world over. At right is a high side roller mill 
installed in the Kaiser Gypsum Wallboard Plant at Seattle. 








Where One Bearing Can 
Keep Whole Plant From Shutdown 


When you’re investing up to $85,000 for a pulverizing 
mill around which you're going to build an entire plant, 
you expect to get equipment which will give long, 
trouble-free performance. 

One leading company in the field of designing and 
manufacturing pulverizing mills for use all over the 
world makes every effort to do just that—build sturdy 
equipment of the best available materials which won’t 
break down because of the failure of any one part. 

Because bearings play such. an essential role in the 
operation of pulverizing mills, the Raymond Division, 
Combustion Engineering, Inc., has relied for more than 
30 years on cast bronze bearings made by the Johnson 
Bronze Company of New Castle, Pa. 

Johnson Bronze bearings rate high with this Chicago 
manufacturer because they can be depended upon to 
keep these expensive units on the job day in and day 


out and because they are made just the way Raymond 
Division specifies. That means a very low rejection rate 
and faster production. 

Take the big bronze bearings Johnson makes for 
journals on a pulverizing mill. They are made to a 
tolerance of .002 of an inch. Because Johnson con- 
sistently meets this specification, the time required to 
fit the bearing is held to a minimum. A few taps with 
a rawhide mallet usually slips the bearing into its 
position. 

If your product demands uniformity, investigate 
Johnson Bronze products. You can depend on them for 
faster production and longer life in use. Skilled engineers 
are available to help you decide what type of bearing 
you need to get the best possible results at lowest cost. 
Johnson Bronze Company, 525 S. Mill Street, New 
Castle, Pa. 


SS. . 
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if you make a 
Cutting Edge.. 
you should 
know about 











— 


Sharon is a prime producer of hot and cold, 
flat rolled special strip steels in large coils, cut 
lengths or sheets especially for cutting blade 
manufacturers. 

If you want exactly the right steel for the job, 
call in the man with steel experience — your 
Sharon Steel Salesman. 

Typical Sharon products used by leading 
cutlery manufacturers include: 

VANADIUM STEELS — particularly adaptable 
to cutlery manufacture. 

STAINLESS — both straight chrome and 
chrome-nickel. 

PLATES — 

SPRING STEELS — of every analysis. 

N.A.X. and COR-TEN — hi-tensile low- 

alloy steel. 

FORGING INGOTS and BILLETS — 
GALVANITE* — a superior hot dip zinc 
coated steel. 

















SHARON STEEL CORPORATION 
Sharon, Prenneyloania 
DISTRICT SALES OFFICES < 
Cuicaco, CINCINNATI, CLEVELAND, Dayton, Detroit, Granp Rapips, 


INDIANAPOLIS, Los ANGELES, MILWAUKEE, NEW YorRK, PHILADELPHIA, ROCHESTER, 
SAN FRANCISCO, SHARON, MONTREAL, QuE., TORONTO, ONT 











































e Manufacta vers Using Special Hleels 


Should Have These Booklets: 

430 STAINLESS —a complete review of 
a popular straight chromium grade. 
GALVANITE* — The story of one of the 
most popular hot dip zinc coated steels. 


SHARONART* — Rolled-in design 
with excellent illustrations. 


steels 





Trademark registered by Sharon Steel Corporation 











A combination...for relaxation at Home 
Laminated plastics... a combination of properties at work 


It takes a combination of properties to satisfy many 
of your basic material requirements. Synthane lami- 
nated plastics provide a unique combination of 
mechanical, electrical and chemical properties plus 
ease of machining. 


High-speed reversing clutch cone made of Synthane 
molded-macerated laminated plastic increases productivity 
of automatic screw machines. Synthane meets all the de- 
mands of high-speed clutch operation . . . light weight, 
great strength and excellent heat resistance for split- 
second reversing of a positive spindle drive operating as 
high as 3025 rpm and with operating temperature of cone 
going up to 250°F. This Synthane clutch cone provides 
smooth, positive clutch action, is long wearing, and is not 
distorted or deteriorated by the high heat. 


Property combinations! Synthane has them... in 
over 30 individual grades... sheets, rods, tubes, 


free illustrated catalog today. 


(A moldings and completely fabricated parts. Send for 
\ 
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LIGHT WEIGHT WEAR RESISTANCE 


SYNTHANE] 
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SYNTHANE CORPORATION, 5 RIVER ROAD, OAKS, PA. 
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No Stress, No Strain 


OU CAN’T PLOT a stress-strain curve for an engineer. 
, Nor can you determine his fatigue characteristics from 
an S-N diagram. 

Such tests are essential for engineering materials. No one 
would attempt to evaluate a material without them. Yet im- 
portant decisions on men are made every day without any sys- 
tematic evaluation technique. 

In most engineering departments, management cannot main- 
tain close personal contact with each and every engineer. 
Management thus has trouble acquiring the detailed personal 
knowledge necessary for an intelligent evaluation. 

To compensate for this loss of personal contact, there are 
methods to provide adequate knowledge of an engineer and his 
performance, just as properties and service tests provide in- 
formation on materials. The names are different — merit 
evaluation, performance testing, etc. But the purposes are 
the same—to provide a sensible basis for evaluation against a 
consistent, unbiased scale. 

A merit evaluation system, if intelligently selected and 
properly administered, can help provide the bridge between the 
engineer and his management. Like materials tests, merit 
evaluation programs do not supplant personal judgment. But 
they can supplement it — very effectively. 

People cannot be selected, specified and applied with the 
same cold logic as engineering materials. The human touch is 
needed. But if well handled, a merit evaluation program can 
reduce the unit loading on both the engineer and his manage- 
ment to a tolerable level — practically no stress and no strain. 


‘Khe L SM 


ASSOCIATE MANAGING EDITOR 
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ETHODS of evaluating engineers and keep- 
ing personnel records vary highly from one 


engineering department to another. Here 
is one evaluation program—a system proved par- 
ticularly effective for certain types of design 
groups. 

It is not a panacea. But it has the definite ad- 
vantages of simplicity, relatively little paperwork, 
and the ability to furnish both a broad-perspective 
and a detailed view of engineering-group personnel. 
The system is believed to have many features of 


definite value for almost any size engineering 
group. 


Objectives of the System: The merit-evaluation 
system provides records on, and “machinery” for 
obtaining, several kinds of evaluation information 


about each engineer and draftsman in the depart- 

ment. Built into it are: 
1. A merit evaluation at regular intervals. 

2. A method of comparing the merit evaluation 
against a job-classification and pay scale. 

3. A record of specialized experience, education, 
and skills. 


4. Summary and individual progress records. 


*Formerly Engineering Division, American Machine and Foundry 
Co.. New York 16, N. Y. 


» & 


78 


Here’s a simple 


straightforward 


Merit Evaluation 


By Harold Blye* 
Bellerose, Long Island, N. Y. 


The original design group for which the evalua- 
tion system was set up was a rapidly expanding 
one; it grew from 20 to 130 engineering and draft- 
ing employees in ten months. This “shock load’”’ 
was handled smoothly. 

In this expanding group, new personnel were 
added almost daily. Personal evaluation of indi- 
vidual employees by top engineering-department 
management was impossible. Therefore, the merit 
evaluation program had to be considered, on its 
own merits, convincingly “fair” by every in- 

dividual within the section. To the best know- 
ledge of everyone involved, this objective was also 
achieved. 

Again because of the rapid expansion, the sys- 
tem had to keep close track of the experience, skills, 
training and education of each individual. So a 
method of obtaining this information and keeping 
it current was included. This method, by the way, 
could be helpful where project changes require 

shifts in assignment. It also helps in determining 
the overall skills and capabilities of the design 
group, as a guide to future planning. 


Merit Evaluation System: Below the supervisory 
level, three general job categories are used for 
reference purposes: draftsmen, senior draftsmen, 
and designers, Table 1. Each of these reference 
classifications is broken down into skill classifica- 
tions, which are numbered. A further subdivision 
of each of these skills into “group ratings” permits 
a direct relation of each group rating to a maxi- 
mum salary. 

In Table 1, salary figures are shown as percent- 
ages of the top salary in the design section. In 
actual practice, a salary range would be estab- 
lished for each skill group. A maximum salary 
within this range would be established for each 
group rating. 

The group rating numbers are used as a basis 
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Fig. 1 — Instruction 
sheet for merit rating 
is given to supervisors 
at a closed quarterly 
meeting as a guide for 
rating each engineer 
and draftsman. 


31, 1956 


> Classifying design-engineering jobs 


Rating skills and attitudes 
System ... @ method for ome 


cf Recording experience and training 


y Summarizing individual progress 
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SUPERVISOR'S RATING BLANK 


Rated by: Rogers 





7 


Date: 3/1/56 





Rating 
6.0AE 
2.5€ 
3.0€ 
XK 
5.0F 
6.08 


55E 


Fig. 2 — Above — An 
individual ratin 
blank is filled in by 
each supervisor with 
his own trating for 
each man. 


for merit evaluation of each designer or draftsman. 
However, this evaluation does not tell the whole 
story. It is generally recognized that a person of 
exceptional skill may still be an undesirable em- 
ployee because of poor effort or other personal 
traits. A simple letter code is used along with the 
group rating numbers to indicate these character- 
istics: 

E. Excellent effort. 

F. Average effort. 

P. Poor effort. 


B. Not desirable in a group because of personal 
failings. 


Other features can also be built into the rating 
with a letter code. For instance, an “additional 
skill index’? can be used to indicate engineering 
capabilities not covered by the standard group 
rating classification. The only additional rating 
found necessary in the group for which the sys- 
tem was organized was one indicating a capability 
for engineering computations. This was designated 
by an A attached to the merit evaluation rating. 


SO 


The whole merit-evaluation rating for any in- 
dividual thus consists of two basic elements: (1) 
a numerical skill index, and (2) a letter designa- 
tion indicating degree of effort, and possibly other 
traits and abilities. A typical evaluation rating 
might be “5AF,” indicating someone capable of 
light design and engineering computations, who 
put an average amount of effort into his job. 


How the Evaluation System Works: The me- 
chanics of getting a rating and maintaining records 
are not complicated. 


Fig. 3—Below—Supervisors’ ratings are col- 
lected and noted on a summary form. Ratings 
are then averaged, and questionable points 
resolved by personal consultation. 


SUPERyT Wo, 
“FE ENVI SORY EVALUATION ay 


‘AVN AVERAGES 





Table 1—Job Classifications 








Reference General Group Maximum 
Classification Group Skill Rating Salary 
(% of highest) 

Draftsman 1 Copy Work 1.00 37.5 
1.25 40.5 

1.50 43.8 

1.75 46.8 

2 Light Detailing 2.00 50.0 

2.25 53.0 

2.50 56.2 

2.75 59.2 

Senior 3 Heavy Detailing 3.00 62.5 
Draftsman 3.25 65.5 
3.50 68.8 

3.75 71.8 

q Simple Layout 4.00 75.0 

4.25 78.0 

4.50 81.2 

4.75 84.2 

Designer 5 Light Design 5.00 87.5 

5.25 90.5 

6 Heavy Design 5.50 93.8 

5.75 96.8 

6.00 100.0 
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Fig. 4 — Above — Master 
evaluation form lists “his- 


MERIT EVALUATION 





torical” rating information 
for each man, plus compara- 
tive salary information. 
Figures in Rating Max 
Salary and Actual Hourly 


SKULL Pe 


Date: 10/1/55 








Rate columns are percent- 
ages in this example (see 
Table 1); in actual prac- 
tice, these would be dollar- 
per-hour figures. 


Interpretation of Fig. 4 Employee 





Structural 
Equipment 





Tools and Dies 
Airframe Type 


General 
Machinery 
Automatic 
Machinery 
Electro- 
Mech. Equipt. 
Flectronic 
tquipment 
Servo- 
mechanisms 
Hydraulic 
Equipment 
Ventilating 
Equipment 
Desi gn 
Perspective 
Drawing 
LeRoy 

Ink Tracing 





Abel: Grant only limited increase; 
start thinking about future possi- 
bilities. 

Baker: Performance satisfactory; 
grant increase when eligible. 

Dugan: Skill outstanding; reclassify 
immediately with increase. 

Everest: Performance not consistent 
with present salary; consider re- 
lease. 

Frost: Top salary reached; consider 
for supervisory job or transfer 
to wider-scope activities. 


SUPERVISORS 
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Nel son 
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Otto 
Fig. 5—Right—Skill anal- DESIGNERS 
ysis records areas of design Abel 
experience to supplement 
the merit evaluation and 
help in overall planning. 


Everest 


Frost 


Hillman 








“~ 
~< 

oo 

~ 









































Every three months, the chief designer calls 
a closed meeting of all design supervisors for the 
purpose of establishing ratings for each member 
of the design group. 

There are several reasons for holding this meet- 
ing regularly. For one thing, it requires each su- 
pervisor to consider the current status of each 
man in the design section; this helps to point up 
the need for additional personnel, or to spot in- 
efficiencies, before the situation gets serious. At 
the same time, a regular meeting helps reassure 
design-section employees that they’re not “for- 
gotten men’’—either job-wise or pay-wise. 

At the meeting, each supervisor is given an in- 
struction sheet, Fig. 1, which briefly outlines all 
factors entering into the merit-evaluation an- 
alysis. He is also given entry blanks, Fig. 2, that 
list the entire engineering and drafting personnel 
of the design section in alphabetical order. These 
also provide space for the evaluation posting. 
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Evaluations are arrived at independently by each 
supervisor, without any group consultation. Su- 
pervisors are not informed of the salary range 
corresponding to each skill or “group rating” in 
Table 1. 

A supervisor only evaluates those men on the 
entire listing whose performance he knows well 
enough to make the evaluation honest and signif- 
icant. If he has no knowledge of the individual’s 
ability, he places an X opposite the name. 

The chief designer subsequently tabulates the 
individual supervisor’s evaluations and tabulates 
them, Fig. 3. He then arrives at an average rating 
for each design-section employee, resolving any 
large or unusual differences in ratings by con- 
sultation with the supervisors involved. 

These average evaluations are then transcribed 
onto a master evaluation form, Fig. 4. This form 
is the current guide, since it gives not only the 
composite average, based on many readings, but 
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also shows progressive trends, for better or worse. 

Several very significant facts can be picked from 
the master evaluation form. The Composite Aver- 
age column in Fig. 4 represents an average of the 
four periodic ratings. It is the current evaluation 
of an individual. In the next column, the maxi- 
mum salary corresponding to this composite aver- 
age is listed, obtained in this case from Table 1. 
The employee’s actual hourly rate is noted in the 
suceeding column. 

A comparison of these two columns indicates 
clearly whether a man’s performance is consistent 
with his present salary. This comparison is given 
in terms of an “evaluation ratio,’’ shown in the 
last column of Fig. 4. The evaluation ratio is 
the ratio between a man’s “maximum rating 
salary” and his actual hourly rate. 

Obviously, an evaluation ratio of 1.00 indicates 
average performance. A ratio below 1.00 indicates 
performance not consistent with present sxlary. 
Above 1.00 indicates performance above average: 
the individual should be considered for an in- 
crease when he becomes eligible. A ratio too far 
above 1.00 may indicate that the person involved 
is not classified properly, just as a ratio too far 
under 1.00 may indicate the necessity for termina- 
tion of employment. 


The Skull Analysis: As an adjunct to the merit- 
evaluation system, a record of specialized ex- 
perience is also helpful. This record became known 
by the somewhat grisly term, skull analysis. 

Originally, the skull analysis was needed to plan 
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Fig. 6—Personal summary 
record lists pertinent infor- 
mation on each design-sec- 
tion employee. This confi- 
dential form is up-dated 
regularly and is used as one 
of the bases for considering 
increases or reclassification. 


new work of rather unusual character which was 
assigned to the design section, and to determine 
whether the requisite skills were available. Later, 
it proved helpful in fulfilling requests by other 
sections for the loan or permanent placement of 
people with certain specialized experience. 

For this purpose, a chart, Fig. 5, is prepared 
listing this specialized experience. The particular 
experience categories shown in Fig. 5 were based 
on those found to be significant in the design 
section and in new work. They would be different, 
of course, for other design sections. Only two 
years or more of experience in the specialized field 
is counted. 

Information for the skull analysis record is 
maintained by requesting an up-dating of the in- 
formation at periodic intervals. The information 
requested also includes specific machines or prod- 
ucts worked on, and actual number of years of 
experience on each. At the same time that skull 
analysis information is requested, information on 
any scholastic or educational achievements can 
also be obtained. 


Individual Summary Record: All of the pre- 
vious information on every individual, plus in- 
formation from the personnel department, is col- 
lected on a Personal Summary Sheet, Fig. 6. 
These records, in bound form, are referred to only 
by the chief designer or top management, since 
they represent data of a highly confidential na- 
ture. The Personal Summary Sheet is used to help 
evaluate an individual’s eligibility for an increase 
and/or reclassification. 
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Conrvacress SWITCH designs eliminate prob- 
lem of contact erosion and pitting, permit operation 
in inflammable or explosive atmospheres, and offer 
extremely long life expectancies. Developed by West- 
inghouse Electric Corp. for use with Cypak electrical 
logic elements, the switches are made in two basic 
constructions—a lever-arm type and a proximity 
type. In both designs an encapsulated coil of wire 
wound around a reactor core serves as the electrical 
on-off element. Electrical impedance to current flow 
through the coil varies inversely with degree of 
saturation of the core. 

In the lever-arm design, the core is saturated and 
the switch is ‘on’ when a permanent magnet is posi- 
tioned near the reactor. The magnetic field flux satu- 
rates the core. In the proximity switch, a fixed-posi- 
tion permanent magnet is also employed to saturate 
the reactor core, permitting current flow. However, 
when a steel bar is moved in parallel to the magnet, 
the magnet flux is shunted away from the coil as- 
sembly and the switch is turned “off.” 
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Accurate FLOW MEASURE- 
MENTS of a wide variety of fluids 
can be accomplished by an ultrasonic 
flowmeter that has no moving parts. 
Developed by W. L. Maxson Corp., 
the instrument uses controlled electro- 
acoustic impulses for rate-of-flow 
measurements and features a smooth- 
bore construction that produces negli- 
gible pressure drop. Also, flow in either 
direction can be measured without re- 
versal of the metering section. 

Basically, the unit consists of a me- 
tering section on which are mounted 
piesoelectric crystals and associated 
circuits employed to generate and 
detect ultrasonic impulses. Energy 
pulses of the same frequency are prop- 
agated at an angle across the stream 
from transmitting crystals toward re- 
ceiving crystals. Because of the ef- 
fect on transit time by the moving 
liquid, the downstream receiving trans- 
ducer detects a higher repetition rate 
of pulses than that transmitted and the 
upstream receiving transducer a lower 
rate. The difference in repetition rates 
is directly proportional to fluid velocity 
or volumetric flow rate. 


Mu rieve MOUNT- 
ING SUPPORTS on cast 
frame members facilitate 
their design and installa- 
tion flexibility. Employed 
in the design of change- 
gear speed reducers manu- 
factured by the Philadel- 
phia Gear Works Inc., the 
construction feature per- 
mits mounting from any 
of four sides. 
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an up-to-date progress report 
for designers on 


® Current materials selection practices 
® Creative design opportunities with new materials 


© Future materials developments 
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Materials are the cornerstones on which the de- 
sign of a new product is built. By raising a service 
limit, or by offering improved characteristics, a dif- 
ferent material may open up a whole new area of 
design progress. 

In this fast-moving age, new developments in ma- 
terials crop up daily. Keeping posted on these in- 
dividual developments is a major task for a de- 
signer—but a necessary one. 

To make this job easier ten specialists on materials 
have prepared the following authoritative reports. 
Each article summarizes an area of critical interest in 
design. New materials are reviewed, long-term 
trends are pointed out, and opportunities for crea- 
tive design with materials are discussed. Together, 
these reports present a comprehensive picture of to- 
day’s—and tomorrow's—materials in design. 
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TODAY'S TRENDS 
ENGINEERING MATERIALS 


New applications, 


new compositions, 


and new production methods 


_ highlight the expanded use of | 





N RECENT years, the three lightest structural 
metals—aluminum, magnesium and titanium— 
have inspired sweeping changes in the design 

of structures of almost every type. 


Aluminum Alloys 


First associated with pots and pans, aluminum 
has for many years been the principal material of 





86 


By P. D. Frost 
Chief, Light Metals Div. 
Battelle Memorial Institute 
Columbus, Ohio 


aircraft construction. However, this versatile 
metal is now moving rapidly into structural fields 
formerly dominated by steel, copper, wood and 
stone. New applications for aluminum have been 
found in building construction, surface transporta- 
tion on both land and sea, and electric conductors. 
Aluminum curtain-wall construction has proved 
to be highly satisfactory in the Alcoa building in 
Pittsburgh, and has since been used for many other 
large buildings. Aluminum alloys are also being 
used for bridge construction and for large crane 
jibs, two applications formerly reserved only for 
steel. 

Several new aluminum alloys have recently been 
developed to the commercial stage or are just emerg- 
ing from the laboratory. X7178 and 7001 are high- 
strength sheet and extrusion alloys of the Al-Mg- 


Fig. 1—Tail cones for 
the B-47 jet bomber, 
fabricated from AZ31 
magnesium alloy sheet 
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LIGHT ALLOYS 


Zn-Cu type. Like 7075, these alloys will be useful 
at room temperature but lose strength rapidly at 
temperatures above 250 F. X7079 is a new high- 
strength forging alloy for use at normal tempera- 
tures. XA140-F is an experimental casting alloy 
and X2219 a new wrought alloy, both for use at 
elevated temperature. Some tensile properties of 
these materials are given in Table 1. 


While aluminum is seeking other worlds to 
conquer, magnesium is continuing to establish its 
place with aluminum in the aircraft industry. Sub- 
stantial quantities of magnesium sheet were used 
in the B-36 intercontinental bomber. More recent- 


Fig. 2—Innerbody as- 
sembly of a supersonic 
ram-jet engine capable 
of performing at 600 
F or higher. The 
rolled and welded 
skin is HK31-T6 mag- 
nesium alloy : 
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* Aluminum 
* Magnesium 
* Titanium 


ly, the B-47 jet bomber has utilized magnesium in 
a number of structural components. An important 
application is the tail cone, Fig. 1. 

The first all-magnesium military aircraft, an F- 
80C jet fighter, was completed and flown in June, 
1955. Built by East Coast Aeronautics Inc., this 
modified aircraft is an example of thick-skin (0.064 
to 0.375-in.) monocoque design. This type of con- 
struction eliminates a great many structural parts, 
such as stiffeners and fasteners, and allows more 
space for fuel. The simplified construction also 
effects an estimated 20 per cent saving in cost of 
production. In the wing alone, the number of 
structural parts was reduced from 1640 to 508, and 
the number of fasteners from 42,700 to 16,000. The 
flight experience that will be obtained with this 
airplane’ should influence greatly the future of 
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Fig. 3 — Left — Ratio of 
Young’s modulus to density 
for several structural alloys 
over a range of temperatures 














Fig. 4 — Below — Places 
where titanium has been 
used in military aircraft: A, 




















forward fuselage panels 
(commercially pure sheet); 
B, keel assembly (8 Mn al- 
loy sheet); C, fairing assem- 
blies (commercially pure 
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sheet); D, floor assembly 
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Fig. 5—Left—Valve body made of 320- 
Ib titanium forging for service in a 
corrosive environment 


magnesium in aircraft. 

Newer magnesium alloys are playing an im- 
portant part in aircraft structures, many of which 
are subjected to high temperatures. Tensile proper- 
ties of several newer alloys are given in Table 2. 

Perhaps the alloy of greatest promise at this 
time is HK31, a magnesium-zirconium-thorium 
composition, which recently became available as 
sheet. An illustration of an elevated temperature 
application for this material is shown in Fig. 2. 
Marquardt Aircraft Co. has made extensive tests 
on HK31-T6 sheet and castings for use in ramjet 
engines. At temperatures above about 500 F, HK31- 
T6 has a higher ratio of strength to weight than 
commercial aluminum alloys. 

Although its strength is not so high as that of 
stainless steel, HK31 can compete with stainless 
and titanium where stiffness is a consideration. 
Stiffness in sheet is a function of the modulus of 
elasticity and thickness of the sheet material. 
Light-weight alloys can be used in thicker sheet 
sections without a weight penalty, thus providing 
stiffness. On the other hand, even the high- 
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strength steels heat treated to well over 200,000 
psi are not always satisfactory in certain sheet 
applications, such as aircraft skin, because their 
weight requires that they be used as thin sheet 
which does not provide adequate stiffness. The 
relationship of Ycung’s modulus of elasticity to 
density is shown for several materials at different 
temperatures in Fig. 3. Note that HK31-T6 alloy 
is superior to 2024 aluminum alloy, 17-7PH stain- 
less steel, and A110AT titanium alloy at 450 to 
600 F.* 

Magnesium is being used for many other military 
applications in addition to aircraft. Radar equip- 
ment and electronic components are only two of 
a long list of such applications. Military products 
accounted for the larger part of magnesium con- 
sumption for many years. This has changed over 
the years since World War II, and numerous new 
peacetime uses for magnesium have developed. 


Titanium 


The third important light structural metal is ti- 
tanium. The use of titanium has been, and will 
continue for several years to be restricted almost 
exclusively to military aircraft. This is only be- 
cause the high cost of titanium mill products pre- 
vents them from being used for other military and 
civilian applications. 

Production of titanium sponge (about 7200 tons 
in 1955) is ahead of the demand for mill products. 
*A Vv Levy—“‘Use of HK31 Magnesium-Thorium Alloy 


Engine Construction,’’ 11th Annual Convention 
Association, October 31-November 1, 1955 


for Ramjet 
Magnesium 
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X7079 
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Table 1—Tensile Properties of 
New Aluminum Alloys! 


Yield Elongation 





Temp- Ultimate 


erature Strength Strength in 2 in. Applications 
(F) (1000 psi) (1000 psi) (per cent) 
Room 84 73 5 Extrusions, plate, sheet 
Room 99 93 10 Extrusions, plate. sheet 
Room 77 67 13 Forgings 
F Room? 34 29 1 Castings 
6002 ° 1,20 : 14 25 Castings 
Room 62 43 16 Extrusions, forgings 
600 20 15 25 Extrusions, forgings 


‘Properties are representative but not necessarily typical. Solution-treated 
and artificially aged condition unless otherwise noted. 
‘As-cast condition 
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Table 2—Tensile Properties of 
New Magnesium Alloys* 








Ultimate 





Temp- Yield Elongation 
erature Strength Strength in 2 in. Applications 
(FP) (1000 psi) (1000 psi) (per cent) 
Room 37 21 14 Extrusion, plate, sheet 
600 18 11 22 Extrusion, plate, sheet 
Room 31 16 6 Castings 
600 20 12 22 Castings 
Room 23 16 3 Castings 
600 12 S 70 Castings 
Room 29 15 6 Castings 
600 12 s 38 Castings 


*All properties cited for the solution treated and artifically aged condition. 
Properties are not necessarily typical 
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TODAY'S TRENDS 
LIGHT ALLOYS 


Emphasis was placed by the government in 1955 on 
the improvement of titanium technology Lo increase 
the tonnage of mill products consumed. Many 
problems remain to be solved; nevertheless, pro- 
ducers and manufacturers are rapidly becoming 
educated in the fabrication of titanium and titanium 
alloys. Examples of applications for fabricated 
parts made from titanium are shown in Iigs. 4 
and 5. 

Recently developed heat treatments have opened 
new horizons for the application of the alloys in 
highly stressed structures. Fig. 6 shows, for ex- 
ample, that 6AIl-4V titanium alloy heat treated 
to 180,000 psi ultimate tensile strength has a 
superior strength to weight ratio than common 
aluminum structural alloys or steels. 

Titanium alloys are, at present, being used al 
lower strength levels. Thus, the 8 Mn titanium 
sheet alloy is always used in the annealed condition 
because it must be formed, and problems associated 
with heat treating formed parts have not been over- 
come. An immediate objective of the titanium in- 
dustry and the government is to learn how to form 
sheet alloys in the solution-treated condition, 
avoiding distortion by age-hardening the formed 
parts at intermediate temperatures. Alloys and 
heat treatments amenable to this practice are ex- 
pected to be available in the next year or two. 
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Fig. 6—Strength-weight comparison of several 
aircraft materials on the basis of ultimate tensile 
strength divided by density 
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ELECTRICAL INSULATING 


. a survey of today’s design and selection practices for 
solid dielectrics — phenolic, polyester and epoxy plastics, 


silicones, and mica. 


E IMPORTANCE and engineering signifi- 

cance of electrical insulating materials and 

systems are today widely recognized. In- 
sulation is now one of the four basic design com- 
ponents of electrical equipment and machinery. It 
has taken a place of equal importance with the 
magnetic or electrical circuit elements, the elec- 
trical conductors, and the mechanical supporting 
structure. And the chemical industry has matched 
this viewpoint by producing many new materials 
which are good electrical insulation when used 
alone or in combination with other materials. 


Present Insulating Materials 


A number of chemical resin families are used 
today as electrical insulation. They are used as 
bonding agents, impregnating varnishes or, in com- 





bination with fillers and catalyst, for molding or 
encapsulating windings or component parts of elec- 
trical apparatus. Some of these materials are 
capable of being extruded into tubes and rods; 
some can be made into synthetic fiber, which can 
be woven into cloth and tapes; some can be formed 
into film sheet material which may be slit into 
tape or combined with other materials and used as 
either wrappers or tape. 

The four families of resins most widely used are: 
(1) phenolic, (2) polyester, and (3) epoxy, all of 
which are organic, and (4) silicone, which is in- 
organic. Melamine resins, fluorocarbons, isocy- 
anides, vinyls, polyethylene, and many others, are 
used as electrical insulating materials in special 
applications where the particular properties of the 
materials make them especially suitable. 


Basic Forms: The materials most generally used 


Fig. 1 — Molded glass- 


fiber reinforced polyester 
lastic > 4, circuit- 
reaker ter cylinder; 


5, standoff insulator for 
crane-rail support; ¢, con- 
tact support for a 5 kv 
switch; d, bus mepess e, 
motor field coil form; f, 
insulated brush and bus 
support; g, locomotive 
motor and generator 
brush-holder stud; 35, 
overhead-crane _trolley- 
support insulator, and i, 
diesel-engine governor 
commutator. 
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MATERIALS 


By Lanier Greer 

Consulting Engineer, DC Machinery, 
and Insulation Co-ordinator 

Reliance Electric and Engineering Co. 
Cleveland 


in combination with the basic resins to form elec- 
trical insulating materials and systems are: (1) 
paper, (2) cotton, as cloth, tape and cord, (3) 
asbestos, as paper, board or cloth, (4) glass fibers, 
as roving, mat, and woven cloth and tape, (5) 
synthetic fibers, as roving, mat and woven cloth 
and tape, and (6) mica, as natural and synthetic 
splittings, and also as reconstituted or mica paper. 
These materials can be used in combination with 
the basic resins to form flexible and rigid sheet 
laminates, molded parts, impregnated and coated 
sleeving, tapes and sheets. 





Fig. 2—Rocker ring for dc motor, 


made of glass-fi reinforced 


polyester plastic. 
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TODAY'S TRENDS 
ENGINEERING MATERIALS 


Material Requirements: Requirements for a good 
electrical insulating material vary with the type 
of electrical equipment and the application. How- 
ever, some requirements can generally be used to 
judge or compare insulating materials or systems. 
Some of these are: 

1. Dielectric strength, usually measured in volts 

per mil of thickness. 

2. Thermal conductivity, usually compared to air. 

3. Mechanical strength to stand handling during 

the manufacture of electrical equipment. 

4. Compatibility with other resins and materials 

used in an insulating system. 

. Thermal life of the material in hours or years 
at the operating temperature. 

. Flexibility or rigidity, depending on the use. 

. Resistance to arc and to tracking caused by arc. 

. Power factor. 

. Resistance to oil, acids, water and other chemi- 
cals which may be encountered. 


Major Material Types 


Phenolic Resins: Phenolic resins and insulating 
materials are the oldest of the five major families. 
Phenolic resins combined with solvents and oils 
have been used as impregnating or dipping varnishes 
for many years, in all types of electrical equip- 
ment. All of the varnish manufacturers have 
various grades of phenolic varnish, which is usual- 
ly about 50 per cent solids. These varnishes re- 
quire heat or baking to cure, and can be com- 
pounded to give any desired finish between very 
hard and very soft and flexible. 

Phenolic resin compounds are used as bonding 
or laminating agents. Papers and cloths can be 
bonded under pressure and heat to form sheet, tube 
and rod laminates that can be machined to any 
desired shape or size. These laminates are used 
for insulating washers, terminal boards, slot wedges 
for de armatures and ac stators, and for many 
other purposes where this type of electrical insula- 
tion is needed. 

The phenolic materials are also applied to cloth, 


on 
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voids to form a single, sturdy unit. 


both cotton and glass, to make flexible sheets that 
can be used as wrappers or, when slit, can be used 
as tape for insulating electrical coils. The common 
materials known as varnished cambric or varnished 
glass cloth are varnish-impregnated with phenolic- 
base materials. 

Another use for phenolic resin is as a binder in 
molded pieces of insulation, such as small terminal 
boards or brush holder insulators for de machines. 
These are compression molded to the size and shape 
required, which reduces machining to a minimum. 
These molds are filled with phenolic resin and 
cotton or paper to form the pieces. 

In general, the phenolics are good electrical in- 
sulating materials when limited to Class A (105 C) 
temperature, although some formulations are good 
for higher temperatures. The phenolics have very 
poor arc resistance. 


Polyesters: The polyesters are one of the newer 
families of resins. They have been tried for elec- 
trical insulation for about ten years, and have been 
widely used for a shorter period. The polyesters 
are a very versatile family of materials, since they 
can be modified and compounded with fillers and 
catalysts to make them suitable for many uses. 

The 100 per cent solids polyester materials can 
be molded to very accurate dimensions with low 
pressure and at low temperature, Fig. 1. Glass 
mat and cloth, as well as other materials, are used 
with polyester resins to make laminates and 
molded parts, Fig. 2. 

In general, the polyesters are good for a tem- 
perature between that required for Class A and 
Class B (130 C) and meet most of the require- 
ments for a good electrical insulating material. 
They are generally thermosetting materials. 
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Fig. 3—Unitized Reliance Sealpak control component, a, in which all elements ex- 
cept the tube are “potted” in an epoxy resin. A reinforced polyester terminal board, 
b, serves as the base. A cut-apart unit, c, shows how the epoxy resin has filled all 











Fig. 4 — Armature from a small 
motor, 4, uses silicone-glass lami- 
nated insulating parts, 5. 
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The polyesters have been formulated into some 
very unique materials which are very useful as 
electrical insulations. One of these is Mylar (Du 
Pont), which is an oriented, transparent flexible 
material that has high dielectric and mechanical 
strength and can be formed in films as thin as 14- 
mil and as thick as 10 mils. The sheets can be 
slit to form tape which can be used alone or can 
be coated with adhesive. It is good for tempera- 
tures above Class A but not as high as Class B. 
So, for Class A temperatures, it is an excellent elec- 
trical insulating material. It is also used as a 
reinforcing material for mica in machines that op- 
erate at Class B temperatures. Compatibility of 
Mylar with other compounds of an insulation sys- 
tem must be evaluated. 

A polyester varnish for film-coating copper wire 
has been developed in the last two years. This 
material forms a uniform film of electrical insula- 
tion on wire when properly applied. So far, it 
has been successfully used only on round wire. This 
insulation is good for Class B temperatures, is 
thin, tough, flexible, and on wire has enough 
mechanical and abrasive strength for winding. 
Compatibility of this material with other com- 
ponents of an insulation system must be deter- 
mined; for example, it is not compatible with all 
varnishes. With this new development, a film- 
coated Class B insulated wire is available for the 
first time. The new varnish is normally about 3 
mils thick, whereas the glass-covered wire it re- 
places is normally about 9 mils thick. With this 
thinner insulation and Class B_ temperatures, 
smaller machines can be manufactured for a given 
power rating. 

Two companies are manufacturing this varnish 
Schenectady Varnish Co. under the trade name 





Fig. 5—Silicone rubber used 
as a potting compound to 
seal the collar of a Cannon 
plug, as an experimental 
project. Silastic RTV was 
poured into the assembled 
collar and allowed to cure 
for two days at room tem- 
perature. No special tech- 
nique was employed, except 
for lubricating the inside of 
the collar with soap (Orvus 
or Dreft) to assure easy, 
clean release. The silicone 
rubber provides extra in- 
sulation, and also a watet- 
tight jacket around and be- 
tween the wires. 
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Isonel, and General Electric Co. under the trade 
name Alkanex. 


Epoxies: The epoxies are perhaps the newest 
family of resins to be used as electrical insulating 
materials. These materials—usually thermoplastic 
—are capable of being compounded in many forms 
and for many uses. They are used for binders, 
varnish, laminating glass cloth under pressure and 
heat, and making molded parts. The epoxies can be 
compounded to 100 per cent solids or can be used 
with solvents at lower solid ratios. 

Epoxy varnishes have been used to film-coat 
copper wire. The epoxy coating, however, is not 
good for Class B temperatures and so loses part 
of its value, since there are proven Class A mate- 
rials for coating wire, such as polyvinylformal. 

The epoxies have proven to be excellent as pot- 
ting compounds for control assemblies and coils, 
Fig. 3. Low shrink and freedom from cracks avail- 
able from epoxies are good properties for potting 
or encapsulating. 

In general, the epoxy materia's are good for 
Class B temperatures and have high thermal con- 
ductivity. They meet the requirements for a good 
electrical insulating material. 


Silicones: Made of semi-inorganic material, the 
silicone family is good for higher operating tem- 
peratures than the other families of resins which 
have been discussed. In general, the silicones are 
good for Class H (180 C) or higher. 

These resins can be compounded to make impreg- 
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nating varnishes, usually about 50 per cent solids, 
and to make bonding materials for mica sheets and 
tapes. Silicone resin can also be used as a bonding 
material for making laminated sheets and for 
molding tubes, rods, and other pieces, Fig. 4. 

They can also be used for bonding glass fibers 
to copper wire to form glass-insulated wire for use 
at Class H temperatures. Much work has been 
done, with some degree of success, to make a Class 
H silicone varnish that can be used to film-coat 
round copper wire, similar to polyvinylformal for 
Class A or polyester for Class B. 

The basic silicone materials can be formulated to 
make silicone rubber. This material can be vul- 
canized, extruded, molded, and handled similar to 
natural rubber. It is used as a tough covering for 
Class H cable, for leads on many types of elec- 
trical equipment, and whenever high-temperature 
cable is needed. Another use is for ignition cable 
where high dielectric strength and ability to op- 
erate at high temperatures are required. Silicone 
rubber can be put on glass cloth, and partially 
cured, then used as a wrapper, or it can be slit and 
used as tape. After it is put on a coil, the cure 
can be completed and a sealed coil is formed. 
Silicone rubber can also be used as a molding or 
potting material, Fig. 5. Woven glass tubing can 
be impregnated or coated with silicone rubber to 
form a flexible tubing with excellent insulating 
properties. 

Use of the silicones as electrical insulating mate- 
rials at Class H temperatures makes possible smaller 
electrical machinery with the same or longer use- 
ful life. Based on experience, when silicones are 
used in totally-enclosed and explosionproof de ma- 
chinery, the life of the carbon brushes is reduced. 
Thus, silicones are limited for this use. 


Natural and Synthetic Mica: The best grades of 
mica are mined in India. However, there are de- 
posits of lower grade mica in many other parts of 
the world—U.S.A., Mexico and Canada, for ex- 
ample. Mica is one of the best-known electrical 
insulating materials. In its natural state, it is 
a crystalline structure formed in layers which can 
be separated to form splittings %4 to several mils 
in thickness. 

These splittings are cleaned and processed with 
a bonding material, such as one of the basic resin 
families, into mica plate. This plate is used for 
insulating heating elements in electrical appliances, 
commutator parts of de machines, transformers 
and other electrical equipment. If mica splittings 
are bonded with a flexible form of binder and ap- 
plied to glass cloth, Mvlar or other materials of 
this nature, a flexible laminated sheet is formed 
which can be used as a wrapper for coils. This 
sheet can be slit to form a flexible mica tape. 

In the past few years, methods have been devised 
to make mica paper from scrap India mica or from 
the low-grade micas from other parts of the world. 
This process is similar to that used to make paper 
from pulp-wood. The mica paper can be bonded 
together with a flexible binder made from any of 
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the basic resins and to glass cloth, Mylar, etc., to 
form flexible sheets or tapes. The mica paper can 
be bonded with a thermosetting resin to form mica 
plate. These sheets, plates and tapes can be used 
in most of the places where mica splitting mate- 
rials have been used. 

Some of the advantages of the mica paper are: 


1. Availability at all times. 

2. Possible to process to close tolerances. 

3. Flexibility is better than mica splittings. 
4. More uniform dielectric. 

5. More economical for many uses. 


Mica crystals have been grown synthetically, 
under high pressure and heat, by the U. S. Bureau 
of Mines. This work has been taken over by 
the Mycalex Corp. of America who are manufac- 
turing synthetic mica in a pilot plant. This plant 
is being expanded to produce the material on a pro- 
duction basis. The synthetic mica is chemically 
pure and can be handled and processed in the 
same manner as natural mica. 


What of the Future? 


The trend today is toward smaller electrical 
equipment. Weight and space are at a premium in 
many applications. Also, in rotating electrical ma- 
chinery, the trend is toward higher speeds. Eco- 
nomics, as well as the fact that materials are be- 
coming harder to get, are contributing factors. 

To make these high-rating machines and equip- 
ment, all materials will be worked harder, more 
accuracy of manufacture will be required, and 
the highest possible quality of material and work- 
manship will be essential. 

In the future, higher temperature electrical in- 
sulating materials will be used because they gen- 
erally allow the equipment to be smaller. For ex- 
ample, the National Electrical Manufacturers Asso- 
ciation has recently set Class B as standard for de 
machinery; until now the standard has been Class 
A. Another example is the use of silicone insula- 
tion in dry type transformers. 

With these high temperatures, other electrical 
and mechanical problems are encountered. Mica 
splittings and paper, as well as glass fiber and 
asbestos, are materials which are and will be used 
in combination with the new resins and rubbers 
in these new high-temperature units and machines. 

With the advent of atomic power, another new 
insulating problem is presented. Electrical ma- 
chines must be insulated to operate in areas that 
are “hot” with gamma and other radiation. This 
opens a whole new field. 

New methods of formulating the presently- 
known electrical insulating materials will be found, 
and improved products wil be made. Also new 
materials and systems of materials will be found 
to help the continued progress of electrical de- 
sign. 
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TODAY'S TRENDS 
ENGINEERING MATERIALS 


Military and commercial requirements 


for high-temperature performance are still 


going up. The answer to the problem is 


in new and improved 





MATERIALS FOR 


HIGH TEMPERATURES 


Familiar stainless and alloy steels, and high alloy: of nickel, chromium and cobalt, are still 
the basic materials. But competition from ceramics, cermets, and new metals is getting stronger 


in higher temperature ranges. 


By C. L. Clark 


Metallurgical Engineer, Special Steel 
Developments 

Steel and Tube Div. 

Timken Roller Bearing Co. 

Canton, Ohio 


EMAND for materials capable of withstand- 
D ing higher temperatures and stresses is still 

increasing. This is true not only for equip- 
ment intended for military purposes, such as jet 
engines and guided missiles, Fig. 1, but also for 
many commercial applications in the electric-gen- 
erating, petroleum, and chemical industries. The 
proposed use of nuclear energy as a source of 
power is superimposing additional requirements 
on certain high-temperature materials. 


Temperatures in general use today are at a 
higher level than a few years ago. For example, 
in steam generating stations, the maximum steam 
temperature, until fairly recently, was 1000 F. Now 
1050 F is common and several stations are operat- 
ing with a 1100 F temperature. One will soon be 
operating with a temperature of 1150 F, while an- 
other is in the design stage that will use a tem- 
perature of 1200 F. Pressures are likewise increas- 
ing. In the 1150F station the pressure will be 
4500 psi, and in the 1200 F station, 5000 psi. 

In steam generating stations, highest temper- 
atures are encountered in the superheater tubes. 
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Depending upon such factors as rate of heat in- 
put and scale formation on the tube walls, temper- 
ature differential between the steam and the metal 
may be of the order of 150 F. Thus, in a 1150F 
station; the maximum metal temperature will be 
about 1300 F and in the 1200F station, 1350 F. 
Temperature of the metal piping will be the same 
as that of the steam. 

For metal temperatures up to 1100 F, it is com- 
mon practice in this industry to use the low or 
intermediate-alloy steels, Table 1, with the 144 
and 214 chromium grades being the most popular. 
For metal temperatures of 1100F and higher, 
Type 321 has been used for superheater tubes 
and Type 347 for the steam piping. 

For steam temperatures up to and including 
1150 F and pressures up to 4500 psi, present alloys 
on which there has been a considerable amount of 
experience (the first twelve alloys of Table 1) 
appear to be entirely satisfactory. In the sta- 
tion soon to be operating under these conditions, 
Type 347 was used for both the superheater tubing 
and the main steam piping. At steam temper- 
atures above 1150 F (maximum metal tempera- 
tures above 1300F) there is a question as to 
whether any of the more standard alloys will have 
sufficient strength. For the: station that is to 
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Fig. 1—Typical jet —— requiring high-temperature materials—a J-47 


axial-flow turbojet wi 


bellmouth inlet for static testing (National Ad- 


visory Committee for Aeronautics). 


operate with a steam temperature of 1200 F, con- 
sideration is being given to the possible use of 
some of the more highly alloyed steels listed in 
Table 1, the so-called “superalloys.” 

When nuclear energy, rather than coal, oil or 
gas, is used for the generation of electricity or 
other power applications, additional metallurgical 
problems are introduced. Heat is generated at a 
very rapid rate in the reactor and this heat must 
be conducted away at a sufficient rate to prevent 
the reactor from destroying itself. Liquid metals 
are among the materials being used for this pur- 
pose, the most popular being sodium. By means 
of heat exchangers, the heat from the molten 
sodium is used to produce steam. The tubes in 
which the steam is generated must have a high 
degree of corrosion resistance, for any corrosion 
products formed might become radioactive and, 
by circulating through the system, make the en- 
tire unit too radioactive for safe application. Alloys 
used for this purpose are Types 304 and 347, or 
the extra-low-carbon (ELC) grades of these alloys. 
There is still a question as to the effect of radiation 
on the physical properties of the metals and con- 
siderable experimental work is in progress on this 
subject. 


Gas Turbines 


Insofar as gas turbines for jet engines and in- 
dustrial applications are concerned, progress is 
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proceeding along two different lines. 

In one case, the trend is to permit increased 
temperatures by use of more highly alloyed ma- 
terials. Temperatures in the rim of the turbine 
rotor are on the order of 1200 to 1350 F, and in 
the blades, 1500 F or higher. Alloys most widely 
used for the rotors are 16-25-6 and A-286 (alloys 
14 and 15 of Table 1). Representative high tem- 
perature properties of these alloys are included 
in Fig. 2. Properties of 16-25-6 are obtained by 
hot-cold working and, while A-286 is a so-called 
precipitation-aging alloy, its properties are also 
enhanced by a certain amount of hot or cold 
work. The alloys mainly used for blading are 
S-816, Waspaloy and M-252. These are all highly 
alloyed materials, and their properties are ob- 
tained Dy precipitation-aging treatments. 

The other trend in gas turbines is to hold maxi- 
mum temperatures at lower levels by proper cool- 
ing. Engines are being produced both in this 
country and in England with maximum turbine 
rotor rim temperatures on the order of 1100 F or 
less. Steels of the Rex 448 type are widely used 
in England and those of the ‘17-22-A’’S type, or 
its modifications, in this country. At least one 
engine in this country also uses ‘17-22-A’’S, in 
the form of sheet and rolled rings, for the outer 
combustion chamber and tail-cone assembly. P-o- 
tective coatings, such as aluminum, are used to 
increase oxidation and corrosion resistance of 
these lower alloyed steels. 

Temperatures are also increasing in compressors 
of the newer jet engines. Metal temperatures at 
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the outlet are on the order of 800 to 900F and 
may even reach higher levels in some of the newer 
designs. Aluminum or titanium is used in the 
lower-temperature sections, and steels of the 410 
and ‘17-22-A’’S types in the hotter zones. Type 
410 is one of the steels commonly used for blading 
in these compressors, although in some cases 
“17-22-A’’S is being used. 

For gas turbines in which some cooling is used 
to reduce maximum temperature, present alloys 
are capable of rendering satisfactory service, al- 
though a field does exist for low alloyed materials, 
or those of the 410 type, that will possess a 1000- 
hr rupture strength at 1200F on the order of 
30,000 to 40,000 psi. In other words, the ability 
to extend operating temperatures by 100 F would 
be desirable. For those gas turbines in which maxi- 
mum possible temperatures seem to be desired, 


the demand will probably never be completely 
satisfied. Regardless of what temperature level 
is attained, still higher temperatures will be 
wanted. 


In order to extend the temperature above 1500 F, 
considerable work is in progress on ceramics, gen- 
erally carbides, oxides, or silicates. While certain 
of these materials have good high-temperature 
strength, they are often very brittle and their 
use involves new concepts of design. Attention 
is also being given to the use of cermets—mixtures 
of ceramics (such as titanium carbides) with met- 
als (often either cobalt or a combination of cobalt 
with nickel). These hold considerable promise but 
are still in the development stage. 

The more promising of the newer materials 
appear to be the molybdenum-base alloys. Certain 
of these, on the basis of work to date, have in- 
dicated strengths of a high order of magnitude at 
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temperatures up to 1800 F. However, their oxida- 
tion resistance is very low, and thus their surface 
must be protected by an oxidation-resistant ma- 
terial capable of some deformation without crack- 


ing. 


Aircraft and Missiles 


Extremely high temperatures are likewise in- 
volved in rocket-engine aircraft and supersonic 
missiles. Because of frictional effects, the skin 
temperature of outer structural parts may reach 
temperatures above the melting point of the com- 
mon metals when moving at speeds on the order 
of 2000 mph. One of the approaches to this prob- 
lem could be the use of multiple skins which burn 
off during flight. Another would be the use of 
nonmetallic materials, such as the cermets pre- 
viously referred to, or the higher melting metals, 
such as molybdenum, chromium or tantalum. 

One of the disturbing factors with respect to 
high-temperature alloys is the continually recur- 
ring shortage of nickel. From Table 1 it will be 
seen that all of the high-temperature alloys, with 
the exception of the first nine, contain large 
amounts of this element. While the government’s 
stockpiling program for this metal may assure 
sufficient supplies for military purposes, it does 
not for commercial applications. As of now, in- 
dustry largely depends on the 18 Cr, 8 Ni type 
alloys (alloys 10 through 13 of Table 1) for temp- 
eratures in excess of 1100 F. 

Attempts are now being made to correct this 
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High-Temperature Metals 





Table 1—Typical 





Type ri Mn iSi Cr Ni Mo v Co Others 

low and tntermediate-Alloy Steels 

1 1% Cr 0.15 0.50 0.75 1.25 0.50 

2 2% Cr 0.15 0.50 0.50 2.25 1.00 

3 3 Cr 0.15 0.50 0.50 3.00 1.00 

4 5 Cr 0.15 0.650 0.50 5.00 0.50 

5 7 Cr 0.15 0.50 0.75 7.00 0.50 

6 9 Cr 0.15 0.50 0.75 9.00 1.00 

7 “*17-22-A"’S 0.30 0.50 0.65 1.2 0.50 0.25 

8 410 0.15 1.00 1.00 12.00 — aaa 

9 Rex 448 0.10 0.50 0.50 11.00 0.70 0.25 0.50 Cb 
Chromium-Nickel Austenitic Steels 

10 304 0.08 2.00 0.75 18.00 11.00 ; : 

11 321 0.08 2.00 0.75 18.00 12.00 ; 0.46 Ti 
12. 347 0.08 2.00 0.75 18.00 12.00 es 0.90 Cb 
13 316 0.08 2.00 0.75 16.00 13.00 2.50 ne 

14 16-25-6 0.10 1.35 0.70 16.00 26.00 6.00 si 0.15 N, 
15 A -286 0.065 135 0.95 15.00 26.00 1.25 0.30 2.0 Ti, 0.20 Al 
16 17-14 Cu 0.12 0.75 0.50 17.00 14.00 2.50 . 3.0 Cu, 0.50 Cb. 0.25 T) 
Chromium-Nickel-Cobalt Austenitic Steels 

17 N-155 0.15 1.50 0.50 21.00 20.00 3.00 20.00 2.5 W, 1.0 Cb 
is 8-590 0.40 1.50 0.70 20.00 20.00 4.00 20.00 4.0 W, 4.0 Cb 
19 8-816 0.40 1.50 0.70 20.00 20.00 4.00 43.00 4.0 W, 4.0 Cb 
20 Refracta2loy 26 0.05 0.70 0.70 18.00 37.00 3.00 20.00 2.8 Ti, 0.20 Al 
Nickel-Base Alloys 
21 Inconel X 0.04 70 80.30 15.00 73.00 mT -+-. 0.9 Cb, 2.5 Ti, 0.9 A} 
22 Waspaloy 0.05 0.70 0.40 19.00 58.00 3.00 14.00 2.5 Ti, 1.2 Al 
23 M-252 0.10 0.70 19.00 54.00 10.00 10.00 2.5 Ti, 0.75 Al 
Cobalt-Base Alloys 
24 Vitallium 0.25 0.60 0.60 27.00 3.00 5.00 62.00 
25 X-40 0.40 0.60 0.60 25.00 10.00 55.00 8.0 W 





condition by developing alloys with a maximum 
of 3.0 or 5.0 per cent nickel, or with none at all, 
that will have satisfactory high-strength prop- 
erties above 1100F. The AISI has recently an- 
nounced two new grades of stainless steels, desig- 
nated as Types 201 and 202. Their analyses are: 
Type Cc Mn Si Cr Ni N, 

201 0.15 max 5.5-7.5 1.0 max 16.0-18.0 3.5-5.5 0.25 max 

202 0.15 max 7.5-10.0 1.0 max 17.0-19.0 4.0-6.0 0.25 max 

In these alloys, a large portion of the nickel 
has been replaced by manganese, and nitrogen 


has been added to assist in keeping the alloy com- 
pletely austenitic and to help the high-temperature 
strength. The ability of an alloy to retain nitrogen 
appears to be a function of manganese content; 
development work is now underway in which the 
nickel is completely replaced by manganese and 
nitrogen. In one of these newer experimental 
alloys, manganese content is on the order of 15.0 
per cent and nitrogen about 0.50 per cent. This 
alloy is reported to have a 1000-hour rupture 
strength at 1200 F somewhat superior to Type 347. 





Tips and Techniques 


Determining Tap-Drill Sizes 


To determine easily the proper tap-drill size for 
special pitches of thread, subtract the pitch of the 
thread from the major diameter. The result will 
give a drill size for a 77 per cent thread. Since 
a 75 per cent thread is common practice, using 
the next largest drill size will give the correct 
size hole. 

Examples: Find the tap-drill size for a %-16 
NS screw. Pitch for 16 threads per inch is 0.0625 
or 1/16-in. Tap drill size is % —1/16 = 13/16-in. 

Find the tap-drill size for 14% x 18 NS screw. 
Pitch is 0.0555. Tap drill size is 1.125 — 0.055 
= 1.070 in. Next largest drill size is 1 5/64-in.— 
C. Stuart Epcar, Union Twist Drill Co., Rock 
Island, Quebec, Canada. 
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Pencil Roll Stop 


Pencils rolling off a tilted drawing board can 
cause no end of annoyance, particularily if the 
point must be resharpened. A small pin, preferably 
a round-head map pin, may be pressed into the 
pencil a short distance from the end. This pre- 
vents the pencil from rolling and will not interfere 
with its normal use. A color code may be devised 








to identify pencils of various hardness. — ROGER 
IsETTS, Kenosha, Wis. 
Roundhead pir 
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TODAY’S TRENDS 
ENGINEERING MATERIALS 


HIGH-STRENGTH 
ADHESIVES 


An engineering review of current requirements for adhesives, 


bonding-process specifications, and jeint design. 


By R. F. Blomquist 
Chemist 


Forest Products Laboratory, Forest Service 


U. S. Dept. of Agriculture 
Madison, Wis. 


LTHOUGH adhesives have been used for 
A bonding substances such as wood and paper 
for hundreds of years, they have only re- 
cently come into their own as important engineer- 
ing materials. 
This recent change in status is largely the re- 
sult of (1) evolutionary developments over a 
period of years in the gluing of wood and similar 


materials where high-strength joints have been 
utilized for many years, (2) the development of 
new synthetic resin and rubber raw materials, 
and (3) the great need for more efficient, lower 
cost, more reliable, and lighter and stronger as- 
semblies than possible with mechanical fastenings. 
The increased interest in sandwich constructions 
of thin metal or plastic faces bonded to lightweight 


Advantages of Adhesive Bonding 


1. Permits joining of certain materials 
not otherwise possible or practical. 
Example: sandwich panels with 
honeycomb cores and thin plastic or 
metal faces. 

2. Permits joining two or more similar 
or dissimilar materials economically. 

3. Permits joining materials where 
mechanical fastenings are less suit- 
able. Example: bonded brake and 
clutch linings to avoid possible dam- 
age from rivet heads. 

4. Transfers stresses more efficiently 
from one member to another than 
mechanical fastenings, and can re- 
duce fatigue failures. Example: struc- 
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tural aircraft joints, glued trusses. 


5. Permits design of smoother joints in 
composite articles. Example: reduces 
weight and air drag by bonding, 
rather than riveting, aircraft control 
surfaces. 


6. Reduces corrosion in joints of dis- 
similar metals. Example: reduces gal- 
vanic action between steel and al- 
uminum when they must be joined 
in aircraft. 

7. Provides better sealing action than 
mechanical fastenings. Example: 
bonding metal extrusions to seal 
edges of sandwich panels. 
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Fig. 1—Typical flat sandwich panel with thin metal faces and metal honey- 
comb core, bonded with a structural type adhesive. 


honeycomb cores of metal, paper or impregnated 
fabrics, Fig. 1, has been another important reason 
for the development of these new structural ad- 
hesives. 

Unusual requirements in the design and fabrica- 
tion of modern high-speed aircraft and missiles, 
Fig. 2, have also been a powerful factor in stimu- 
lating the recent development of high-strength 
metal-bonding adhesives. This article is limited to 
these types. However, similar important recent 
developments in high-strength adhesives for bond- 
ing wood, paper, plastics, rubber, and many other 
materials to themselves or each other should not 
be overlooked. 


Types of Metal-Bonding Adhesives 


It is now possible to bond metals with a variety 
of adhesives. Solvent-type, rubber-base cements 
are available for bonding metals at room temper- 
ature or by application of moderate heat. The rub- 
ber base may be natural, synthetic or reclaimed 
rubber. Such adhesives give relatively low to 
moderate strength, but are rapid and easy to use. 
They are widely used for bonding metal or plastic 
laminate sheets to wood or to metal for various 
architectural and furniture panels not subjected 
to high stresses in the joints. These solvent-type 
rubber cements are also used for attaching rubber 
or vinyl sheets to metals in automobiles and ap- 
pliances. 

Casein-latex, natural and synthetic rubber latex, 
and polyvinyl acetate and copolymer emulsions are 
also available for bonding metals to porous sur- 
faces, such as wood or paper, but not to another 
metal surface. One porous surface is always neces- 
sary to permit absorption of water to break the 
emulsion and permit rapid setting. 

While these solvent-type adhesives are easy to 
use and economical, none are considered to have 
the desired combination of high strength and per- 
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manence that makes them suitable for critical 
applications such as structural bonds for aircraft. 

Adhesive types listed in Table 1 were developed 
specifically for modern aircraft design require- 
ments. Most are based on phenol resins, which are 
also widely used to provide strong, durable joints 
for wood. These resins are combined with certain 
elastomers or thermoplastic resins to improve ad- 
hesion to metals and reduce brittleness and stress 
concentrations in the joints. 

With the exception of the epoxy-resin adhesives, 
all of these adhesives require pressing and curing 
at 275 to 350F for periods of 10 to 30 minutes 
or longer. Epoxy resins have been formulated 
that will cure at normal shop temperatures over 
a period of several hours or days but, like all 
thermosetting resins, they will cure faster and 
more completely at higher temperatures. Each 
type of adhesive requires somewhat different bond- 
ing procedures. 

Selection of the best adhesive for a new ap- 
plication will involve a consideration of: 

1. Materials being bonded. The adhesive must 
wet the surfaces and adhere to them. 

2. Design of the joint and the initial level of 
strength required. Shear, tensile, cleavage, and 
peel forces must be considered. 

3. Service life expected of the bonded joint. 
The adhesive bond may need resistance to heat, 
moisture, oils, chemicals, or fatigue. 

4. Working properties and bonding requirements 
of the adhesive. Methods of application, tempera- 
ture and pressure required, and speed of curing 
are important factors for economical production. 
Adaptability of the adhesive process to existing 
bonding equipment, and the need for additional 
equipment must be considered. Personnel require- 
ments for production and inspection may differ for 
different bonding processes. 

5. Cost. This factor includes cost of the ad- 
hesive, preparation for use, the bonding operation, 
waste, and probable rejects. 
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Generally, all of the newer adhesives can pro- 
duce joints of high initial strength when used 
under proper conditions. One principal difference 
between the adhesive types is in resistance to 
thermal aging and strength of the joints at 
elevated temperatures, where epoxy and phenol- 
vinyl adhesives tend to soften more than the 
others. Epoxy resins soften excessively above 
200 F, and phenol-vinyl adhesives begin to lose 
much of their initial strength when tested at about 
250 F. Phenol-neoprene adhesives are somewhat 
better in resistance to heat softening than are 
the phenol-vinyl combinations, but they lack re- 
sistance to heat aging at higher temperatures. 
Phenol-Buna N and phenol-epoxy resins appear 
to be the most promising adhesives at present for 
service initially and over periods of 100 hr or so 
at 450F or higher. These temperatures are of 
current interest for high-speed aircraft and mis- 
siles, where adiabatic heating during flight is a 
critical problem. 


The Bonding Process 


Regardless of the type of structural adhesive 
selected, the bonding process is quite similar in 
principle, although somewhat different in degree, 
and is worth comment here. Several steps are in- 
volved. Quality of any adhesive-bonded joint will 
depend both on the adhesive itself and on the care 
with which the bonding process is performed. 


Metal Preparation: The adhesive must adhere 


strongly to the metal. This adhesion is now be- 
lieved to involve electrochemical forces, the exact 
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nature of which is not yet well understood. It is 
generally considered that for high-strength dur- 
able bonds with these modern structural adhesives, 
something more than simple cleaning and degreas- 
ing of the metal surface is necessary. A variety of 
procedures have been studied for preparing the 
surface of aluminum, stainless steel, magnesium 
and titanium alloys for bonding. Procedures vary 
from simple abrasion and solvent degreasing to 
electrolytic treatments, alkaline and acid etching, 
and combinations of these. In order to have both 
consistently high initial strength and good resist- 
ance to moisture, salt spray and weathering, some 
sort of chemical or electrolytic treatment is gen- 
erally required for metals such as clad aluminum 
or stainless steel. 

There are some recent indications that surface 
preparation may be more important in affecting 
thermal aging characteristics of the metal bond 
than in just affecting the initial strength at room 
temperature. With reactive metals such as magne- 
sium alloys, the process for preparing the surface 
for bonding must be integrated with the process 
for protecting the surface from corrosion in 
later service. 


Application of Adhesive: Originally, all metal- 
bonding adhesives were solutions of a rather low 
solids content in volatile organic solvents. One or 
more coats of these solutions were applied to 
each of the two mating surfaces by spraying, roller 
coating or other means to build up the required 
film thickness. 

Release of entrapped solvents from these succes- 





Fig. 2—Metal stringers (running lengthwise) synthetic-resin-bonded to fuse- 


lage skin of airplane to keep weight low (Ciba Co. Inc.) 
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sive layers has always offered problems, since 
films tend to skin over, which interferes with 
further volatilization. Cooling, as a result of fast 
solvent evaporation, sometimes caused excessive 
condensation of atmospheric moisture in the film, 
which reduced bond quality with some adhesives. 
Entrapped solvent caused excessive flow and in- 
creased blistering in subsequent pressing, and tend- 
ed to reduce heat resistance of the joints. Force 
drying and precuring techniques at elevated temp- 
eratures have been developed to overcome this 
problem. 

Epoxy-resin adhesives are of particular interest 
here because of their unusual chemical makeup. 
They can be supplied as completely reactive resin 
systems in liquid form without volatile solvents or 
byproducts of curing. This not only avoids the 
blisters and precuring problems but also permits 
use of lower bonding pressures. 

Recently there has been considerable develop- 
ment of adhesives in the form of supported or 
unsupported tapes that can be laid between two 



































2 I 2 U tisf y 
Butt 
3 j 
ae practical 
Lap 
i 2 
Beveled jap practicol 
.# > 4S Very good— usually 
Scorf proctical 
° 4 ' 3 Good- practical 
Joggie lap 
CC 
? i S Foir— sometimes 
Strap desirable 
s i _£ Good— sometimes 
L j desirable 
Double strap 





4 ——: 2 Good — expensive 

















Recessed double strop machining 
en 
q Mi _? Very good- difficult 
—_——— production 
Beveled double strap 
F < Good — requires 
Half lap machining 
Good — difficult to 
balance load 
Double lap 


Fig. 3—Good and poor joint design with 
metals bonded with structural adhesives, and 
suggested methods for improving joint per- 
formance (Reference 17). 
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metal surfaces like a sheet of paper and then 
pressed immediately. Some tapes, however, give 
better results when the metal surfaces are first 
primed with a thin coat of a separate liquid ad- 
hesive. 


Curing: All adhesives containing thermosetting 
resin components will develop their strength and 
permanence at least in part by undergoing a 
chemical reaction called curing, the rate of which 
increases with temperature. The joint must, of 
course, be under sufficient pressure during curing 
to produce the flow necessary to cause adequate 
and uniform wetting of all surfaces. Pressure must 
then be retained until the adhesive has hardened 
and developed strength to resist stresses after 
removal from the press. 

Some phenol-vinyl, epoxy and phenol-epoxy res- 
ins flow adequately at rather low pressures, while 
the phenol-neoprene and phenol-Buna N types gen- 
erally require pressures of 150 psi or higher at the 
275 to 350 F curing temperature. Assemblies can 
generally be removed from the press without cool- 
ing as soon as pressure is released. Actual bond- 
ing pressure will depend somewhat on joint design. 
Pressures must be lower on honeycomb-core sand- 
wich panels than on metal-to-metal laminates to 
avoid crushing the core. 


Joint Design and Current Applications 


Much attention has been devoted in recent years 
to joints designed to take better advantage of the 
properties and limitations of new structural ad- 
hesives. The simple lap specimen is still the most 
common test specimen used to evaluate metal- 
bonding adhesives. But it is recognized that pulling 
such a joint in tension may produce excessive ec- 
centricities in the bonded joint and does not permit 
the adhesive to demonstrate its greatest potential. 
Redesigning this lap joint with beveled or scarfed 
edges, or the use of double straps, Fig. 3, will 
greatly increase the observed joint strength. Ad- 
ditional consideration of joint design with adhesive 
bonding is desirable to expand the potentials of 
such structural bonds further. 

Adhesive bonding of metals has been of partic- 
ular interest in the design of sandwich panels that 
have thin metal skins on lightweight honeycomb 
cores of aluminum, paper, or fabric impregnated 
with polyester or phenol resins, Fig. 1. Such sand- 
wich panels provide lightweight, stiff and strong 
structures that are being utilized for floors and 
control surfaces on aircraft, fins on missiles, light- 
weight building panels, truck-trailer panels, spe- 
cial shipping containers, and a number of other 
applications where the weight saving is partic- 
ularly attractive. 

Other important applications of structural ad- 
hesives are currently in use or under study for 
aircraft applications. These include the bonding 


MACHINE DESIGN 























XUM 


Table 1—Typical Metal-Bonding Adhesives for Structural Applications 





Available as... Cure at.....--- 





Type Typical Manufacturer Location Liquid Tape Room 275 to 
Trade Names Temp. 375 F 
Phenol-viny! Cycleweld Cycleweld Cement Products Trenton, Mich Yes Yes No Yes 
Bloomingdale Bloomingdale Rubber Co. Chester, Pa. 
Bondmaster Rubber and Asbestos Corp. Bloomtieid, N. J 
Bostik B & B Chemical Co. Cambridge, Mass 
Redux Ciba Co. Inc. New York 
Plycozite U. 8S. Plywood Corp. New York 
Phenol-Buna N Armstrong Armstrong Cork Co. Lancaster, Pa Yes Yes No Yes 
Bloomingdale Bloomingdale Rubber Co. Chester, Pa. 
Plastilok B. F. Goodrich Co. Akron, Ohio 
Bondmaster Rubber and Asbestos Corp. Bloomfield, N. J 
3M Minn. Min. & Mfg. Co. Detroit, Mich. 
Cycleweld Cycleweld Cement Products Trenton, Mich. 
Phenol-neoprene Metlbond Narmco Inc. Costa Mesa, Calif Yes Yes No Yes 
Cycleweld Cycleweld Cement Products Trenton, Mich. 
Bondmaster Rubber and Asbestos Co. Bloomfield, N. J 
Epoxy Epiphen Borden Co., Chem. Div. New York Yes No Yes Yes 
Cycleweld Cycleweld Cement Products Trenton, Mich 
Epon Shell Chem. Corp. New York 
Hysol Houghton Labs Inc. Olean, N. Y. 
Araldite Ciba Co. Inc. New York 
Phenol-epoxy Aerobond Hexcel Products Inc. Oakland, Calif. Yes Yes No Yes 
Epon Shell Chemical Corp. New York 
*This list of commercial products is necessarily incomplete and is included only for example. A number of other firms make 
similar sudhesives of each tvpe 


of a variety of metal stiffeners to thin metal skins 
to stiffen the skins without excessively increasing 
weight, and the laminating of several thinner flat 
metal sheets into a thicker curved section, such 
as the leading-edge surface of a wing. In the 
curved section, bending, tapering of the cross sec- 
tion and bonding are accomplished in one opera- 
tion. In many small but critical fastening applica- 
tions, adhesive bonding offers the only practical 
method of joining materials. 

Efficient transfer of stresses from one member 
to the next by adhesive bonding, thus reducing 
much of the stress concentration that would be 
produced at conventional mechanical fastenings, 
has been found to improve the fatigue properties 
of assemblies greatly. Such adhesive bonding has 
been reported to be of particular importance in 
increasing the service life of metal helicopter rotor 
blades by reducing excessive and early fatigue 
failures. 


The Future 


There seems to be little doubt that the use of 
structural metal-bonding adhesives will increase 
greatly in the next few years. Developments in 
the aircraft industry during the past four years 
illustrated how rapidly use of such adhesives is 
spreading to increasingly critical applications 
where stresses are higher and temperatures and 
other service requirements more severe. Certainly, 
the presently available adhesives are not the final 
answer. Adhesive chemists and technologists are 
continuing their search for better bonding proc- 
esses that are simpler and cheaper to use, more 
reliable, and more versatile. 

Designers are learning more about the basic 
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strength properties of adhesives. Studies are un- 
derway to determine more exactly the reproduc- 
ibility or uniformity of bonds with different bond- 
ing processes to permit selection of more realistic 
margins of safety. Considerable effort is being 
directed towards development of more adequate 
inspection methods for the bonding process and 
for the final bonded products, such as proof test- 
ing and nondestructive test apparatus. All these 
efforts will unquestionably produce adhesive-bond- 
ing processes that will permit more complete util- 
ization of the enormous potentials of adhesive 
bonding. 
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HE TERM “corrosion resistance” is a some- 
what misleading expression. In all sincerity 
one could make the statement, for example, 

“Mild steel has good corrosion resistance, but alu- 

minum has very poor corrosion resistance.” To 

a design engineer, such a remark might come as 

a rude shock. A corrosion specialist, however, 

would reply, “Oh, you mean in alkaline solutions.” 

This points up the extreme importance of the 
environment to which a metal is exposed. Actual- 
ly, all metals corrode to some degree. In some 
mediums the corrosion product is a very thin, 
sometimes transparent coating, usually of the 
metal oxide. If this coating is reasonably continu- 
ous, adherent, and inert to the environment, the 
metal undergoes little further attack. Under these 
conditions, the metal is called “corrosion resist- 
ant.” If, on the other hand, the very same metal 
is in another environment, into which the corro- 
sion product is steadily dispersed, continuing and 
more or less rapid metal destruction will occur. 

The corrosion engineer studies and tabulates 
the almost limitless combinations of metals and 
corrosive environments. A great many such tabu- 
lations are available and are quite useful to the 
designer. In this article, however, only the broadest 
qualitative picture of metals and their suitability 
to various environments will be given, since de- 
signing for severe or unusual corrosive conditions 
involves the close co-operation of a specialist. 


A Little Theory 


It is a basic fact of nature that practically all 
structural metals show a thermodynamic prefer- 
ence not to remain metallic at all! Metal struc- 
tures can be built with reasonable permanence only 
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because nature (aided by man) has put up some 
fairly effective roadblocks against reactions be- 
tween metals and their environment. In other 
words, when the rate of reaction between a metal 
and its surroundings is sufficiently low, the metal 
is called “corrosion resistant.” 


Anodes and Cathodes: It is now well established 
that the reaction between a metal and a solution 
consists of two “half-reactions.” The first is the 
actual “oxidation’’ of the metal, whereby it loses 
its metallic nature (gives up electrons) and be- 
comes a salt or an oxide; the site of this reaction 
is termed the anode. A simultaneous “reduction”’ 
reaction must accompany the oxidation; it occurs 
at the cathode, where electrons are consumed. 
The extent of the anodic reaction is always ex- 
actly equivalent to the cathodic reaction; i.e., 
the electrons produced at the anodic site are 
matched precisely by those consumed at the 
cathodic site. A typical cathodic reaction is the 
reduction of oxygen to hydroxy] ion. 

Sometimes the anodes and cathodes are dis- 
tributed rather widely over a surface; the corro- 
sion process is then known as pitting. When they 
are spaced fairly closely, the attack is known as 
general corrosion. In all cases, however, the cor- 
roding metal surface might be compared to a large 
number of short-circuited cells; the total quantity 
of current flowing corresponds exactly to the 
rate of metal destruction. 

When two dissimilar metals in contact are ex- 
posed to the same body of corrosive medium, 
conditions are frequently conducive to galvanic 
corrosion. Usually one metal assumes the role 
of cathode and the other functions as an anode. 
The mechanism of the corrosion process is the 
same, however, whether one or more metals are 
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involved. In fact, the presence of dissimilar met- 
als does not automatically cause corrosion to occur, 
as is commonly believed. 


How Is Corrosion Prevented? 


Speaking very generally, the techniques to avoid 

corrosion are: 

1. Use a metal whose corrosion rate is inherently 

sufficiently low to give adequate service life. 

2. Interfere with the corrosion process by one 

of the following methods: 

a. Coat the metal with an inert material (e.g., 
paint). 

b. Coat the metal with another metal whose cor- 
rosion resistance is sufficiently low (plating). 

c. Use cathodic protection to provide an auxiliary 
anode at which all the oxidation will take place 
preferentially (e.g., magnesium in a water 
heater). 

d. Use inhibitor chemicals which, when added to 
the corrosion medium, impede the progress of 
either the anodic or cathodic reaction (e.g., 
chromates, nitrites, etc.). 

Since this article is concerned primarily with 

structural materials, discussion will be limited 
mostly to method 1. 


What Metals Are Available? 


Usually, several requirements must be met in 
the selection of a metal for service in a machine 
in addition to corrosion resistance. In fact, con- 
siderations of strength, hardness, toughness, anti- 
friction properties, lightness, ease of fabrication, 
cost, and many others are normally placed above 
corrosion resistance. Since the design engineer 
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is usually well-provided with tables of physical 
properties, only the general corrosion properties 
of the various metals will be reviewed. 

It is only fair to state immediately that re- 
quirements of cost and strength must in many in- 
stances dictate the choice of a structural metal. 
If the supply of all metals were unlimited, a great 
many devices could be engineered to last indef- 
initely as far as corrosion is concerned. 

A quick look at the common metals is in order 
before discussing new and improved materials. 
Actually, few metals are sufficiently available to 
be called “structural” materials. Many metals, 
of course, are used in specific applications where 
their corrosion properties are so superior that 
their cost is of minor concern; some of these will 
be mentioned later. 

Table 1 summarizes in quite abbreviated form 
the approximate performance of the common met- 
als and alloys in the most frequently met environ- 
ments. It should be pointed out immediately that 
many of the G entries would be E if surface ap- 
pearance were of no consequence. For example, 
copper and many of its alloys give very satisfac- 
tory service in all of the media listed. One must 
admit, however, that a copper article develops a 
rather definite tarnish, even in indoor exposure. 

The general rule for selection of a corrosion- 
resistant metal is: Use the one which costs least 
and gives satisfactory service. In this day of 
extreme cost-consciousness, some of the older 
manufacturing practices are very interesting, if 
not astounding. For example, during the 1930's 
a large number of household water meters were 
supplied to Mexico—made entirely of solid nickel! 
Another example, perhaps not so dramatic, is the 
gradual substitution of aluminum for copper in 
power lines—dictated almost solely by the relative 
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price of copper and aluminum. 

It is evident from Table 1 that two of the most 
plentiful metals—iron and magnesium—are, un- 
fortunately, the poorest in corrosion resistance. 
Among the others, copper, nickel, silver and tin 
are frequently too expensive to be considered as 
substitutes for steel—even when their physical 
properties are sufficiently good. Stainless steel 
is excellent, but may be costly. This leaves alu- 
minum, lead and zinc. In certain applications 
where its low physical strength is not a limitation, 
lead serves admirably. Similarly, in a great many 
applications where appearance is unimportant, 
zinc offers many advantages over steel—including 
ease of fabrication. 

In passing, it should be pointed out that zinc in 
the form of die-castings has been made to appear 
much less corrosion-resistant than it really is. It 
is widely recognized that the application of re- 
latively thin copper-nickel-chromium plating to a 
zine part (which improves appearance temporarily ) 
leads to pitting-type corrosion which is not at all 
characteristic of zinc alone. 

The last—but not least—metal on this list is 
aluminum. Fortunately, nature seems to have pro- 
vided a large supply of the metal and, at the same 
time, some rather effective natural barriers against 
corrosion and tarnishing. 


What Improvements Can Be Expected? 


A most pertinent question to ask after glancing 
at the cost figures in Table 1 is, ‘‘Why aren’t new 
iron, zinc, or magnesium alloys developed which 
will bring these metals into the corrosion category 
of copper, nickel or stainless steel?” To answer 
this, one must risk being called pessimistic, or at 
least unimaginative. Knowing the unexpected 
turns which Nature frequently takes, it must be 
admitted that a rust-proof structural steel is 
possible, or a completely corrosion-resistant zinc 


or magnesium alloy may be discovered. 

The weighty evidence of experience, however, 
points to only minor improvements in the perform- 
ance of a given metal class. The difference between 
a G and a P in Table 1 frequently reflects a many- 
fold difference in corrosion performance. To ex- 
pect a small change in composition to produce the 
required dramatic change in corrosion properties 
seems over-hopeful. In fact, for many nearly pure 
metals, corrosion resistance is reduced by minor 
additions of other elements. 

Within a given class, of course, quite significant 
improvements have been made. In the early ap- 
plications of aluminum alloys to aircraft, for ex- 
ample, the phenomenon of stress-corrosion crack- 
ing was encountered. Through minor composi- 
tional changes this problem has been brought un- 
der control. Similarly, early zinc die castings were 
quite unsatisfactory until it was discovered that 
lead and tin must be excluded in order to avoid 
early disintegration of the metal. 

Even in the stainless steel group, alloys have 
been discovered with somewhat improved resist- 
ance to pitting in chloride solutions (Type 316). 
Magnesium has likewise been improved, largely 
through establishment of maximum _ impurity 
limits. The structural steels vary considerably in 
atmospheric corrosion resistance—or perhaps, more 
accurately, in ease of protection. A new steel is 
reported to have even better physical properties 
than structural silicon steel and twice the resist- 
ance to atmospheric corrosion (Man-Ten, A-242). 

These brief examples illustrate the fact that, 
even with considerable improvement, each class 
of metal generally remains in its position relative 
to the other metals. 

It is another story, however, when a new class 
of alloys is developed which utilizes relatively 
large proportions of two or more metals. Stain- 
less steel itself is a classic example. Here the cor- 
rosion properties of chromium are imparted to an 
iron-base alloy containing more than 70 per cent 
iron. Similarly, nickel-chromium and nickel-copper 
alloys can show marked improvement over either 
metal alone in specific media. 

At the present time, most alloy development 





Table 1—Corrosion Resistance of Common Metals 

















Metal or Alloy Cost Indoor td Tap Mild Mild Sea 
($/Ib) Urban Rural Marine Water Alkalies Acids Water 
Aluminum and alloys 0.26-0.56 E G E F G-F* P P G-F* 
Copper and alloys 0.45-0.86 G G G G G G G G 
Iron and steel 0.04-0.13 F P P P P G P P 
Lead 0.16-0.22 G G G G G-F P G-P G 
Magnesium 0.31-0.63 F P F P P G P P 
Nickel and alloys 0.64-1.22 E G G G E E G G 
Silver 11.00 G G G G G G G G 
Stainless steels 0.21-0.83 E G E G G E G pe 
Tin 1.02-1.20 G G G G E P P G 
Zinc 0.14-0.24 G G G G F P P F 





E—Exeellent, service and appearance 
Good, service 


F—Fair, service. 
P—Poor, service 


*Frequently pits. 
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work seems to be directed primarily at high-tem- 
perature materials, and quite understandably so in 
this jet age. There is reason to believe, however, 
that much progress can yet be made in everyday 
structural metals. The number of metallic elements 
in the periodic table is admittedly limited, but the 
number of combinations which remain to be tested 
is astronomical. 


New Metals 


Titanium has not yet been mentioned. This metal 
may move rapidly to the forefront in structural ap- 
plications. Its strength-weight ratio and other phys- 
ical properties have made it extremely useful in the 
military picture. Unfortunately, its cost is still 
too high to permit general substitution for steel, 
aluminum, or other conventional metals in non- 
military applications. 

The corrosion resistance of titanium is indeed 
novel. It resists all of the common environments, 
including salt atmosphere and sea water. Its ap- 
pearance is somewhat similar to stainless steel. 

Another metal which has emerged during the last 
several years as a very useful corrosion-resistant 
material is zirconium. The physical properties of 
the zirconium nucleus have made it extremely valu- 
able in the construction of atomic reactors. Coupled 
with its non-neutron-absorbing property is a very 
remarkable resistance to het water as well as to 
most common environments. Again, cost prohibits 
its general adoption where other metals can be 
used. 


Must Metals Be Used? 


It was very unfortunate that plastics as a class 
were utilized so badly in many of their early ap- 
plications. When they are properly engineered, 
there are a great many instances where direct sub- 
stitution of an organic plastic material for metal 
can be achieved. The extreme resistance to cor- 
rosion afforded by such materials as nylon, poly- 
ethylene, Teflon, and many other plastics needs no 
emphasis. The problem has been to achieve the 
physical properties to which we have been accus- 
tomed with metals, or to design around the lower 
strength inherent in organic materials. 

One group of plastics is still rapidly developing 
—reinforced plastics. There is almost no limit to 
the variety of properties which can be obtained 
from combinations of high-strength materials, such 
as steel or glass, and flexible, corrosion-resistant 
materials made from various organic compounds. 

One of the most interesting potentialities in this 
field of composite materials stems from the con- 
cept of “fiber metallurgy.” For years, the use 
of structural metals in the form of sheet, rod, tubing, 
castings, etc., has been familiar. In recent years, 
the technique of powder metallurgy has joined the 
other fabrication methods. Now a newcomer 
promises to provide still another class of materials 
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for the designer to consider—fiber-metal bodies. 

Briefly, the method resembles the old technique 
of felting, normally applied to the manufacture of 
sheet material from animal hair, natural or syn- 
thetic cloth fibers, and wood fiber. In the last 
instance, tremendous quantities of paper are made 
by a continuous high-speed felting operation on 
a moving screen, known as the Fourdrinier process. 

A suspension of metal fibers can be treated in 
the same general manner to produce a porous metal 
structure having some remarkable properties. The 
as-formed felt can be compacted by various 
methods, heated to sinter the fibers at points of 
contact, and finally impregnated with a corrosion- 
resistant material. 

Such a material might be considered to be a 
“metal” with corrosion protection “built in,” or 
it might be considered to be a plastic material with 
metallic reinforcement. In any event, the potential- 
ities of this and other composite materials in engi- 
neering should not be overlooked. 

Another structural material for machines which 
has perhaps been overlooked by many designers is 
solid glass. Because of its brittle nature, it is often 
excluded from consideration; metals are used in- 
stead. When fabrication costs, strength, wear re- 
sistance and, of course, corrosion resistance are 
considered, there are many instances where pre- 
cision-cast glass parts can serve admirably. A 
typical application is the use of a large glass bell- 
like cover for a humidity chamber. Its metal 
counterpart would be double-walled and expensive 
to fabricate, less corrosion resistant, and opaque. 
Even in precision machines, glass bearings can 
serve admirably where corrosion conditions would 
make a metal part short-lived. 

While the future will undoubtedly bring many 
new and more potent corrosive agents—already 
met in nuclear reactors and rocket fuels—ingenu- 
ity in combining structural materials promises to 
meet each challenge. Only when we are firmly 
established in the new high-vacuum frontier of 
space will our atmospheric corrosion problems be 
relieved 


Tips and 
Techniques 





Inking Hard-Surface Papers 


Very hard-surface papers, such as the new photo- 
graphic-type papers, are usually prepared for ink- 
ing with pounce or similar preparations. If this 
doesn’t seem to work, try erasing the surface to be 
inked with regular art gum. — RICHARD MARSH, 
Lima, O. 


Do you have a helpful tip or technique for our 
other readers? You'll receive ten dollars or 
more for each published contribution. Send a 
short description plus drawings, tables or photos 
to: Tips and Techniques Editor, Machine 
Design, Penton Bldg., Cleveland 13, O. 
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Trends in 


SLEEVE BEARING 





By J. B. Mohler* 


Consultant 


New Castle, Pa. 


N THIS age of expanding mechanical require- 

ments, new bearing developments occur every 

day. On the other hand, these developments 
are having little effect on major trends in sleeve 
bearing materials. The reason is simple: for most 
applications, standard, high-production sleeve-bear- 
ing materials are available. 

The principal materials used in sleeve bearings 
today are the metals or alloys of tin, lead, bronze, 
copper-lead, aluminum and silver. The difference 
in properties between a hard bronze and a soft 
lead-tin alloy is very great; metallic materials are 
available to satisfy all but the unusual demands. 
Consequently, no extreme effort is being expended 
to find a major new bearing material. 

New bearing materials or bearing structures are 
not developed for large-scale use in short periods 
of time. Early during the last war, the silver air- 
craft bearing was developed in very few years. 
With this exception, most major new developments, 
such as bimetal bearings, overlay bearings, powder- 
metal and aluminum bearings, have taken over a 
decade to progress from the experimental stage to 
substantial production. 


*Now with Dept. of Metallurgical Research, Kaiser Aluminum & 
Spokane, Wash 


Chemical Corp 





108 


However, for unusual bearing requirements it is 
well to take a look at the less common materials. 
For instance, there is a fair demand for high-tem- 
perature bearings. But the demand is not suffi- 
ciently great to attract research dollars for com- 
mercial, mass-production development. 

It is difficult to imagine a material that cannot 
be used as a bearing for a special application. 
Minerals, natural and synthetic organic materals, 
leather, wood, rubber, metals, carbon and paper 
have all been used. Composite shapes, bimetals, 
and complex oil and solid-lubricant retaining struc- 
tures have been applied for difficult bearing prob- 
lems. Many manufacturers have evolved unique 
designs or utilized uncommon materials. 


The Bearing Paradox 


Except for extreme applications, a bearing must 
be hard and soft at the same time. The bearing 
must be hard to resist wear and deformation. At 
the same time, it must deform and conform under 
unfavorable loads. It must also be sufficiently 
plastic and elastic to accept or engulf small, hard 


Fig. 1—Bearings made 
from powder metal, a 
type of material in 
which new composi- 
tions are finding 
wider application. 
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MATERIALS 


Few startling changes have occurred recently in sleeve 
bearing materials. Two metallic materials—powder 
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metals and aluminum—have become firmly established. 
And the plastics, graphite, and composite bearing struc- 


tures are growing in importance. 


particles. This problem has been solved in many 
cases by the use of a hard backing and a soft sur- 
face layer. Although this method may now be 
considered as old, it is a continuing trend. 

Precision fits and thin bearing surfaces are still 
new in many industries. The change from heavy- 
wall to thin-wall bearings requires close-tolerance 
machining of the housing and shaft. Tolerances 
must be low enough to permit use of a press or 
crush fit, but still allow proper shaft clearance 
after assembly. Thus, the trend to close-tolerance 
machining and grinding lays the groundwork for 
utilization of precision bearings. 

These practices also make possible the use of 
thin, soft-metal surface layers. Thin layers carry 
higher loads, and many designs for thin surface 
layers have been put into production in the past 
few years. 


Standard Materials—New Developments 


Two materials that are finding many new bear- 
ing applications are powder metal and aluminum. 
Graphite and plastics are also being more strongly 
investigated. 


Powder Metals: These metals can be used where 
other materials are not successful, since the porous 
metal bearing carries an oil supply within its wall, 
Fig. 1. In many applications these bearings offer 
a low-cost method of saving machining on complex 
shapes. 

In recent years, better metal powders, quality 
process control and larger presses have been put 
to use. Higher strength iron alloys are replacing 
the bronzes for lower cost and higher loads in 
some cases. Also, it is now realized that the por- 
ous structure is not necessary in many applications, 
so that denser bronze alloys are in demand. 

Stainless-steel parts are manufactured for high- 
temperature corrosion-resistant exhaust-manifold 
butterfly valves. Parts such as shock-absorber 
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pistons are manufactured from copper-iron pow- 
ders. Multipurpose parts functioning both as gears 
and bearings are becoming more common. 


Aluminum: Although aluminum bearings are not 
widely used, they are gaining popularity, Fig. 2. 
Aluminum-tin and aluminum-silicon alloys are per- 
forming well for heavy-duty bearing service, such 
as in connecting-rod and main bearings in auto- 
motive and diesel engines. 

Test data and service experience have shown 
that aluminum alloys will carry higher loads than 
the copper-lead alloys. The bronzes have higher 
load-carrying capacities than the aluminum alloys, 
but they do not have the surface properties re- 





Fig. 2 — Aluminum-lined, 
steel-backed bearing, a metal 
combination used increas- 
ingly on heavy-duty types of 
bearings. 
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quired for the surface speeds encountered in modern 
engines. 

The copper-leads are a common answer for such 
higher-speed applications. However, the matrix 
of these alloys is much weaker than the bronzes 
due to the space occupied by the lead in the alloys. 
Since the aluminum alloys are relatively low in 
alloying constituents the aluminum matrix is 
strong, yet the aluminum matrix is softer than the 
copper matrix. 

Aluminum, thus, is a compromise material able to 
carry relatively high loads and still maintain the 
ability to conform and deform under load and tem- 
porary distress. 

For less demanding applications it is expected 
that standard alloys, such as 2024, 5052 and 6061, 
will be found to apply. Cost, low-temperature cast- 
ing and good machinability are the attractive fea- 
tures of aluminum. 

Methods have been developed for bonding alu- 
minum to steel strip, and methods have also been 










Fig. 3—Indented and 
gtaphited bearing, a 
type used where lubri- 
cation by water alone 
may be necessary. 


Sold 











Bimertal 














Bimetal with 
overlay or plastic 
surface 











indented and 
impregnated 
or babbitted grid 





Fig. 4—Sleeve bearing structures. Composite 
structures are one method of obtaining two 
or more different material characteristics in 
the same bearing. 
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Johnson Bronze Co 


developed for electroplating overlays when re- 
quired. Thus, aluminum is now being used as solid 
metal, with steel backs, and with overlays. 


Graphite: Solid lubricants have been used in 
combination with bronze for many years. Plug 
graphite, pressed into holes in the wall of a bronze 
bearing, will withstand higher temperatures than 
the bronze alone will tolerate. Indented bearing 
stock is filled with a solid graphite-shellac mix- 
ture to produce steel-backed, bronze-lined indented 
bearings for applications such as water pumps, 
Fig. 3. Solid graphite bearings are successful as 
furnace bearings for operation at temperatures up 
to 800 F. It has also been found that solid graphite 
bearings can be used for low loads where it is 
desirable to avoid oil. 


Plastics: The use of plastics, such as nylon and 
Teflon, for oil-free bearing applications has in- 
creased interest in low-friction solid surfaces. These 
plastics are used in a great many low-load applica- 
tions, such as home appliances and light-duty 
mechanical devices. 

An interesting recent English development (Gla- 
cier Metal Co. Ltd.) is the use of a thin film of 
Teflon to take advantage of the dry lubricating 
properties of this plastic at higher loads. Bronze- 
lined steel-backed bearing stock is impregnated 
with Teflon. 

The price of Teflon is quite high when used as 
a solid. Impregnated construction, however, keeps 
the cost down and yet makes available this inert 
material with a very low dry coefficient of friction. 
It is particuarly suitable where oil is objectionable, 
such as for food, textile and processing machinery, 
or where oil is difficult to retain. However, it will 
perform well in the presence of a lubricant. 


Progress—Slow but Steady 


Newer bearing materials gradually replace, but 
do not eliminate, the older bearing materials. Alu- 
minum will replace some copper-lead and babbitt. 
Meanwhile copper-lead continues to replace babbitt. 
Babbitt-lined steel is still replacing poured babitt. 

But, even though the trend is away from the 
babbitts and to the higher strength materials, none 
of these have the desirable surface properties of the 
softer babbitts. Electroplated overlays, gridded 
bearings and plastic-lined bearings offer a softer 
surface with a high-strength backing. These com- 
posite structures, Fig. 4, seem to be the present 
answer to the problem of obtaining a high-strength, 
soft-surface bearing. 

Continued increase in number of mechanical de- 
vices is also increasing bearing requirements for 
load, speed, temperature, and corrosion resistance. 
Thus, more types of bearings, rather than less, are 
likely to be developed. Although there is little in- 
dication of change for the major bearing materials, 
unique and unusual materials and designs will 
broaden the usage of the less common materials. 
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METALS FOR 
LOW TEMPERATURES 


How temperature, stress systems and 
material properties influence selection 
of ferrous and nonferrous alloys for 
low-temperature applications. 


By Allan L. Tarr 


Consultant in Metallurgy 
Alexandria, Va. 


HE IMPORTANT material factors in design 

I for low-temperature service appear to be im- 

pact resistance (toughness), thermal expan- 
sion, thermal conductivity, and tensile and yield 
strengths. 

Tensile strength, yield strength and modulus 
of elasticity almost invariably increase as temper- 
ature decreases. Therefore, in most designs, these 
properties introduce no problems in low-tempera- 
ture service. However, design strength should be 
increased slightly to combat increases in load 
caused by freezing of parts to the ground and to 
each other, increase in viscosity of lubricants, loss 
of ductility of rubber parts, and other related 
phenomena. 

Coefficient of thermal expansion decreases with 
a decrease in temperature, but thermal con- 
ductivity increases. Allowance should be made 
for differential thermal expansion and thermal- 
conductivity characteristics of materials. Notches 
produced by thermal and corrosion cracks are 
serious when temperature is reduced. Large 
masses of steel sometimes undergo brittle failures 
because of residual stresses augmented by de- 
ereasing temperature. Contraction stress, effect 
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of plasticity, and thermal gradients are all em- 
phasized by reduction of temperature. 


The Basic Problem—Toughness 


The majority of low-temperature failures are 
probably associated with insufficient toughness. In 
some metals, toughness is high at all temperatures 
and there are no special design problems. Other 
metals have relatively low impact strength at 
room temperature and do not become significantly 
more brittle at lower temperatures (their transi- 
tion temperature is above room temperature). 
With such materials, designs which are satisfac- 
tory for ordinary temperature should be satis- 
factory for low temperature. 

Materials such as_ steels (except austenitic 
steels), zinc-base and titanium-base alloys are 
usually tough at room temperature, but some of 
them tend to become brittle at low temperatures. 
If tensile stress on the part in service is only a 
small fraction of the yield strength there may be 
no problem. However if design stresses are at 
a high level under service loading, the part should 
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Design Precautions To Avoid Brittle Failures 


Do 


1. Use metals and alloys suitable for the 
service. 

2. Use metals with Charpy V-notch im- 
pact-test values higher than 15 ft Ib 
at the lowest expected service temper- 
ature, unless adequate service experi- 
ence indicates that a lower value is 
satisfactory. 

3. Change sections gradually to avoid re- 
entrant corner stress raisers. 

4. Use butt joints in welding instead of 

lap joints. 

. Join parts of unequal stiffness with a 

gradual transition. 

. Streamline fillet-weld joints by tested 

and proved methods. 

. Specify good workmanship, and pro- 

vide for adequate inspection for stress- 
raiser types of defects. 


wn 


Nn oO 


be designed using a material whose temperature 
of transition from tough to brittle behavior is 
below the lowest service temperature. This is 
normally -—65F for atmospheric exposure, but 
much lower for special industrial service. 

To obtain an adequately low transition temper- 
ature for atmospheric conditions, a test of the 
part under simulated service conditions should be 
prescribed at temperatures below -—65F, or a 
standard impact test should be conducted on the 
material from which the part is made. In the 
latter case, the simplest approach is to prescribe 





Tough 


Transition zone 


BORURGnnae 


Energy Absorbed in Rupture ——e 


Brittle 











Temperoture ——= 


Fig. 1—Ductile-to-brittle transition zone 
in plain carbon steels. 
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Don't 
1. Introduce high restraint in localized 
regions. 


2. Have large local variations in ability 
to deform under applied loads. 


3. Weld intermittently for 
stresses. 


many-cycled 


4. Specify excessive welding. 
5. Use eccentric joints in welding. 


6. Weld fittings, handles or bosses—or 
cut openings—at regions of high stress. 


—Fatigue Committee 
Welding Research Council 


an impact test at an arbitrary temperature of 
—65F or lower. This rough method, however, 
sometimes leads to unsafe underdesign or un- 
economical overdesign. 

A somewhat more refined approach would be 
to specify a test of the standard impact test speci- 
men at a temperature equivalent to —65F or 
lower in the part, using a known strain-rate versus 
transition-temperature relationship to calculate the 
proper test temperature. 

Because of the statistical nature of fracture, 
however, it is probably not feasible to design parts 
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Fig. 2—Variation of tensile prop- 
erties of normalized SAE 1035 
steel with temperature. 
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impact Value (ft-ib) 


from materials that have transition temperatures 
low enough that the risk of fracture is zero. The 
designer’s problem is to reduce the risk of frac- 
ture to the minimum, taking both cost and the 
consequences of service failure into consideration. 


Factors Affecting Metal Failure 


The following discussion gives a more detailed 
analysis of the effect of various factors on low- 
temperature properties of metals, particularly fer- 
rous-base materials. 

Most metals and metallic alloys possess two 
distinct ranges of fracture characteristics. The 
ranges are distinguishable by a difference in the 
energy absorbed by the metallic material during 
fracture. For example, a ductile material deforms 
plastically prior to failure, absorbing strain energy 
during the deformation. A brittle material, on the 
other hand, fails with little or no prior plastic de- 
formation and with little absorption of strain 
energy. 

Several factors determine the manner in which 
the metal will fail: (1) operating temperature, 
(2) strain rate, that is, rate of application of load, 
(3) nature of the stress system, and (4) material 
properties. 


Operating Temperature: Experimentally it is 
found that energy absorbed during impact remains 
fairly constant for a wide range of temperatures, 
range A in Fig. 1. With decreasing temperatures, 
however, a small range of temperatures (transition 
temperature range) is encountered in which the 
energy absorbed prior to failure decreases marked- 
ly. At temperatures lower than the transition tem- 
perature, a second wide temperature range, B, of 
low energy absorption exists. 
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Fig. 3—Effect of stress concentra- 
tion on impact strength of wrought 
iron at low temperatures. 
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LOW-TEMPERATURE METALS 


Evaluation of low-temperature properties of a 
metallic material can best be made from its stress- 
temperature graph, Fig. 2. The relative effects 
of the previously mentioned factors, plus the 
characteristics of different base alloy systems, can 
be evaluated in terms of the relative position of 
their energy-absorption versus temperature curves. 


Rate of Application of Load: Strain rate is an 
intensifying factor. Increasing the rate of applica- 
tion of load results in a shift of the transition tem- 
perature toward higher temperatures. Thus, many 
materials with relatively inferior impact properties 
may be employed, even at low temperatures, pro- 
viding no possibility of impact loading exists. Con- 
versely, static mechanical properties can not be 
used alone to guide the designer in applications in- 
volving low temperatures and impact load. 


Nature of the Stress System: Materials contain- 
ing internal stresses or regions of stress concentra- 
tion will absorb a smaller amount of externally 
applied energy prior to failure. The roots of 
notches, or improperly designed changes in dimen- 
sion, result in severe stress concentrations of this 
type, Fig. 3. Biaxial and triaxial stress systems 
may lead to brittle fracture wherever stress ratios 
are unfavorable to plastic flow. 


Material Properties: Metals with a face-centered 
cubic crystal structure (copper and nickel-base 
alloys, austenitic steels, unalloyed aluminum, etc.) 
maintain relatively high impact resistance over the 
entire range of normal service temperatures. Mate- 
rials such as cast iron, magnesium and chromium- 
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tion affects transition tempera- 
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base alloys have relatively low impact values at 
room temperatures, since their transition tempera- 
tures are above room temperature. If designs 
employing these materials are satisfactory at room 
temperatures they are usually acceptable at low 
temperatures. 

Materials with a body-centered cubic structure, 


such as steels (except austenitic), and close-packed 
hexagonal materials such as zinc-base and tita- 
nium-base alloys, usually undergo severe transitions 
in impact resistance at temperatures below room 
temperature, Table 1. Designs involving these 
materials must take this factor into consideration. 
Proper evaluation of the impact resistance of the 











Vol Fig. 5—Effect of heat 
tiie treatment on low-tem- 

perature impact prop- 
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steel. 
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design must be made through estimates obtained 
by impact tests under simulated service conditions. 


Metal Properties at Low Temperatures 


Ferrous Alloys: Increasing carbon content for 
a given base-composition steel decreases room-tem- 
perature impact resistance markedly and shifts 
the transition-temperture zone to higher tempera- 
tures, Fig. 4. High-carbon steels are brittle at 
room temperature and, therefore, transition tem- 
peratures decrease only slightly at lower tempera- 
tures. 

Impact resistance is not primarily a function of 
the carbon content, but rather depends to a greater 
extent on the form and degree of dispersion of 
carbon and carbide precipitates. It has been defi- 
nitely established that randomly distributed sphe- 
roidized carbide particles, characteristic of fully 
tempered martensitic microstructures, are the 
most favorable to low-temperature toughness. The 
relatively long, parallel platelets of carbide, charac- 
teristic of pearlitic microstructures, which are 
found in hot-rolled steels are the least favorable. 
Because of their low hardenability, the plain carbon 
steels are limited to pearlitic microstructures in 
most of the sizes in which they are applied, and 
alloy additions are necessary to permit the attain- 
ment of the desirable tempered martensitic micro- 
structure. 

For applications of increasing severity of service, 
upgrading of toughness may be accomplished by 
going from first towards the last in the following 
series: (1) as-rolled, semikilled carbon steels; 
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Fig. 8—Impact resistance of alumi- 
num alloys at low temperatures. 
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(2) as-rolled, semikilled, lower-carbon, higher- 
manganese steels; (3) as-rolled fully-killed carbon 
steels; (4) normalized, fully-killed carbon steels; 
(5) heat-treated (fully quenched and tempered) 
low-alloy steels; and (6) austenitic steels. 

Additions of nickel to a fixed ferrous-base mate- 
rial improve its impact resistance. Nickel, a non- 
carbide-forming element, is soluble in ferrite. The 
ferritic steels containing nickel may be heat-treated 
to improve strength and impact characteristics. 
The quenched and tempered condition is found to 
possess the most favorable properties, Figs. 5 and 6. 

Addition of greater than 8 to 9 per cent nickel 
to plain carbon steels results in retainment of the 
austenitic phase at room temperature and below. 
These steels, being face-centered cubic in crystal 
structure and of high alloy content, possess ex- 
cellent strength and impact characteristics. Com- 
bined with sufficient chromium, as in the stainless 
steels, these materials have excellent low-tempera- 
ture and corrosion-resistant properties. Their use, 
however, may be restricted through cost consider- 
ations. 

Manganese alloy content up to 1.4 to 1.6 per cent 
increases the impact resistance of low-carbon steels. 
Manganese contents above this range are detri- 
mental to impact performance. Manganese addi- 
tion to steels which are normally sensitive to 
temper embrittlement increases sensitivity of the 
steel. 

Chromium added to steels to improve quenching 
response also improves impact resistance. Small 
amounts of molybdenum are usually added with 
the chromium to offset the slight tendency of 
chromium to cause temper embrittlement. 

The effect of silicon on the impact properties of 
steels occurs in two ranges. Small amounts of 
silicon, .sufficient only for deoxidation, improve 
impact properties of the steel; silicon additions 
greater than that for deoxidation greatly reduce 


Table 1—How Crystal Structure Affects 
Low-Temperature Properties of Metals 





Body-Centered Face-Centered Hexagonal 


Temperature Cubie! Cubic? Close-Packed! 
(F) (plain carbon (cartridge (M1 magnesium 
steel) brass) alloy) 
Impact strength. Charpy V-notch (ft-lb) 
Room 38.3 85 4.0 
32 86 3.5 
0 26.0 2.7 
25 20.0 89.5 
40 3.0 2.8 
75 2.5 
100 2.3 89 2.8 
1. Low-Temperature Properties of Ferrous Materials, SAE, 
New York. 
2. Smithells—Metals Reference Book, Interscience Publishers, 
1949 
3. Publication U5235, Armed Services Technical Information 
Agency, Page 32 
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low-temperature impact properties. 

Molybdenum is added to facilitate production of 
desirable microstructure through heat treatment. 
Molybdenum is a carbide former similar to chrom- 
ium. 

Sulphur in the form of a distribution of sulphide 
inclusions has detrimental effects on the tensile as 
well as impact properties of steels. For improved 
properties, sulphur must be kept at lowest content. 
Phosphorus produces a similar result in steels. 
Although tensile properties increase, ductility and 
impact resistance drop rapidly with increasing 
amounts of phosphorus. 

The presence of even small amounts of the in- 
terstitial elements, nitrogen, oxygen and hydrogen, 
are detrimental to the impact properties of steels. 
Larger amounts of nitrogen result in nitride pre- 
cipitates which adversely affect impact properties 
of the material. 

Addition of small amounts of aluminum to de- 
oxidize steel results in greatly improved low-tem- 
perature toughness. 


Nonferrous Alloys: Copper and all alpha brasses 
have face-centered cubic crystal structures. All of 
these metallic materials possess good low-tempera- 
ture impact resistance. 

Nickel-base alloys such as Monel and Inconel, as 





Unit Design Increases 
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Contemporary Design 


Balancing Machine Versatility 


well as others, are face-centered cubic and possess 
excellent impact properties at low temperatures. 
These materials maintain their impact resistance 
down to the lowest temperatures investigated. 

Primary solid solution alloys of both magnesium 
and zinc possess close-packed hexagonal crystal 
structures and exhibit poor low-temperature impact 
properties. For these metals the transition zone 
is above or slightly below room temperature. 

In many respects, aluminum alloys are readily 
adaptable to low-temperature applications — tensile 
and yield strengths, hardness, and ductility increase 
as the temperature is decreased, Fig. 7. There is 
no evidence of a critical temperature at which 
solid-solution (face-centered cubic) aluminum alloys 
become brittle. On the other hand, heat-treatable 
aluminum alloys do not possess favorable impact 
characteristics. 

Impact values (Charpy) for one nonheat-treat- 
able alloy, 1100-H16, are presented in Fig. 8, to- 
gether with similar values for two heat-treatable 
alloys, 2024-T4 and 7075-T6. Charpy values for 
the high-strength wrought alloys are low at room 
temperature and are practically unaffected by 
further decrease in temperature. On the other 
hand, the Charpy values for alloy 1100-H16 in- 
crease slightly from room temperature to — 315 F, 
after which they decrease slightly. 





BALANCING of rotating equip- 

ment covering an extremely 
wide size range is possible with 
a new balancing machine com- 
posed of three separate units. 
Known as the Mogul, the machine 
consists of two bearing units and 
a drive unit. Bearing units can 
be spaced as the length of the as- 
sembly to be balanced dictates. 
The drive unit may be placed at 
either end of the assembly or be- 
tween the bearing units if expe- 
dient. 

A product of Raydyne Corp., the 
Mogul incorporates a true seismic 
unbalance indicator attached to 
work-supporting mountings which 
provide over 4 in. of free ampli- 
tude travel. Universal V-type 
bearings are used to eliminate the 
necessity of making and fitting 
special bearings for different bal- 
ancing jobs. 
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PACKING AND 
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Fluorocarbon plastics and new 


elastomers set the pace in the 


search for more effective sealing materials. 


By Robert H. Koch 


Engineering Services Div. 
Engineering Deot. 

E. |. du Pont de Nemours & Co. Inc. 
Newark, Del. 


more complex. Requirements for heat and 

cold resistance, chemical resistance, and life 
are tightening up. As a result, there is a con- 
tinuing search for more effective and economical 
sealing materials. The purpose of this article is 
to take a broad look at some of the more recent 
packings and gaskets, and some that look promis- 
ing but are not yet widely used. 


"Tine PROBLEM of sealing joints is becominy 


PLASTICS— 


Fluorocarbons Set the Pace 


Use of plastics as packing and gasket materials 
is well established, but the combinations of proper- 
ties that become available as research progresses 
are unlimited, for the industry is still in its infan- 
cy. 

Much recent attention has been directed at 
fluorocarbon plastics — polytetrafluoroethylene 
(Teflon) and monochlorotrifluoroethylene (Kel-F, 
Fluorothene). These two types of plastic with the 
jawbreaking names have excellent chemical re- 
sistance. Teflon has the additional advantage of 
a relatively low coefficient of friction, a desirable 
quality when sealing moving parts. Kel-F and 
Fluorothene, however, can be molded easily. Both 
types have excellent resistance to heat within their 
limiting range, although Teflon’s heat-distortion 
temperature is higher. 
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For convenience, and following the convention 
widely adopted in England, polytetrafluoroethylene 
will be referred to as “PTFE.” By analogy (and 
this is not standard practice), “MCTFE” will de- 
note the monochlorotrifluoroethylene type. 


PTFE Felt Impregnated with PTFE Dispersion: 
One of the newest materials is made by compact- 
ing Teflon fiber into sheet form by a special felting 
technique, and using the dispersion as a saturant 
to fill voids. Gaskets made from this material 
have two major advantages over those of solid 
PTFE plastic: first, a greater compressibility, 
which permits the gasket to be seated with less 
bolting pressure and, secondly, a lower rate of 
“creep” or “cold flow’ at increased temperatures. 

This material has given over six months’ service 
as a manhole gasket on a glass-lined steel vessel 
and has eliminated a safety hazard. Teflon en- 
velope gaskets normally used in such service were 
not acceptable because contamination in the atmos- 
phere would deteriorate the filler material. Load 
on the gasket would then be relieved, and the 
gasket would no longer seal, so that flammable 
process vapors would escape. The excellent me- 
chanical properties of the material are indicated 
by the fact that the manhole is removed three 
times during every eight-hour shift. 

Another interesting application is the four 
months’ service obtained for nozzle flanges of high- 
silicon iron handling very corrosive liquids. The 
best life obtained from a Teflon envelope and 
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Fig. 1—Resistance to heat distortion of Teflon reinforced with ceramic fiber, left, 
and plain Teflon, right, tested at 700 F with a flange pressure of 1000 psi. The plain 
Teflon gasket extruded extensively on all edges and, as a result, the initial gasket 
load was lost. The reinforced ceramic- fiber Teflon did not extrude and retained ap- 
proximately 50 per cent of the initial gasket load. 


other types was two weeks. 

Because of its unusual properties, the impreg- 
nated PTFE felt gasket shows promise for use in 
dynamic applications. Tests are under way for 
use as O-rings, a seal on a flapper valve, and 
shaft or rod packing. 


Fabric Laminates Impregnated with Fluorocar- 
bon Dispersions: Both PTFE and MCTFE have 
been successfully used for some time as disper- 
sions for impregnating fabric laminates. Such gas- 
kets give excellent service in chemical applica- 
tions. Although the basic form of this type of 
gasket is not new, the modifications to adapt it 
to a specific application are innumerable. 

For example, a packing made from a Teflon- 
impregnated woven-asbestos cloth was found to 
be porous to a certain combination of process 
fluids, and also the asbestos fiber lost its strength 
rapidly under the high operating temperature. 
The use of a Monel-wire-inserted cloth and addi- 
tional heat treatment while compacting the gasket 
under pressure provided an improved gasket which 
is giving very satisfactory service. 


Filled Fluorocarbon Plastics: Various fillers can 
be added to the basic fluorocarbon plastics to im- 
prove resistance to cold flow, heat distortion or 
extrusion, Fig. 1. Most of these reinforced ma- 
terials, however, require heavy compressive loads 
when used for gasketing because of their hardness. 
But the improved mechanical characteristics often 
more than offset this one disadvantage. 

A new combination of Teflon and an inert 
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ceramic fiber, for example, possesses a chemical 
resistivity almost equal to that of the solid plastic. 
This property, combined with the material's me- 
chanical features, makes it attractive as a gasket 
in chemical service. Excellent results have been 
obtained in completely eliminating or minimizing 
cold flow or extrusion in many gasketing applica- 
tions. 

One example is its use as back-up rings for O- 
rings in aircraft where rings of the flat, scarf-cut 
type have run over 50,000 cycles at 500 F and at 
a line pressure of 3000 psi in diester hydraulic 
fluid without any appreciable deterioration. Other 
potential uses presently being evaluated include 
rotary pump packings, V-ring packings for valve 
stems and reciprocating rods, and seats and disks 
for valves. 

Other fillers, such as glass, asbestos, copper, 
graphite and calcium fluoride, have been incorpo- 
rated to give compositions that are well suited for 
use as bearings, bushings, mechanical seal faces, 
and other mechanical elements. 

Development of these materials, particularly one 
composed of Teflon, glass fiber and molybdenum 
disulfide in the form of V-rings and wedge rings 
on valve stems and reciprocating rods, is pres- 
ently underway. Although the results look very 
encouraging, not enough experience is available at 
the present time to permit a firm evaluation of the 
advantages of this material. 


Teflon Fiber Packing Impregnated with Teflon 
Dispersion: Although they cannot be considered 
as the ideal seal, these braided packings have ex- 
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cellent chemical and heat resistance, and low- 
friction characteristics. They are compliant to the 
follower gland, thereby effecting good sealing at 
lower tensions under moderate peripheral shaft 


speeds. 
One use has been as a valve-stem packing under 
severe chemical conditions. Another important 


application is in pump and agitator packing under 
process conditions requiring complete freedom from 
contamination. Because of its low-friction charac- 
teristics, Teflon fiber avoids the need for sup- 
plementary lubrication (the usual cause for con- 
tamination), without shortening life. Conventional 
packing materials without supplementary lubrica- 
tion fail quickly. 


Kel-F Coated Silicone-Rubber O-Rings: These 
uniquely constructed rings can be used in many 
severe chemical applications where the straight 
Kel-F or Teflon O-rings might prove to be too hard 
for a proper seal. They have the chemical resistance 
of the Kel-F coating and yet retain much of the 
resilience of the silicone-rubber core. In addition 
to giving excellent service as gaskets, these O-rings 
are performing very well as shaft sealing elements 
for mechanical seals. 


Machined Teflon Envelope Gaskets: PTFE en- 
velope gaskets have conventionally been available 
as lathe-cut elements, Fig. 2b. A new form, in 
which the ID is milled square, Fig. 2a, is proving 
to be far superior to the old V-type envelope for 
use with glass and porcelain equipment. Channel 
construction of the machined envelope permits full 
contact with the ID of pipe flanges and also keeps 
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the gasket from extending inside the ID of the pipe 
to impede flow. 


Bonded - Teflon Fabricated Gaskets: In this 
newest development, the surface of the Teflon is 
changed chemically by a sodium treatment so that 
the coefficient of friction is increased and adhesion 
properties are improved. Therefore, it is now 
possible to obtain a bond between two pieces of 
Teflon or between Teflon and metal. This bond 
is limited in strength and chemical resistance only 
by the properties of the adhesive itself. 

Use of bonded Teflon constructions as packing 
or gasket materials is unexplored, but the extent 
that they might be employed depends only on the 
ingenuity of the packing manufacturer and the 
design or maintenance engineer. For example, it 
might be possible to use bonded Teflon in fabricat- 
ing totally enclosed envelope gaskets or in bond- 
ing preformed gaskets to metallic surfaces. 


ELASTOMERS— 
New Types and Compounds 


The last decade has seen a large increase in 
the number of new synthetic rubbers as well as 
marked improvements in the properties of well- 
established elastomers. However, in most in- 
stances, there is a long time interval between the 





(b) 


Fig. 2-—Machined Teflon envelope gasket, a, fits flush with the ID 
of the pipe. By contrast with previous V-type, 5, this construction 


peeve minimum impedance to flow an 
ili 


ty of pockets being formed. 
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eliminates the possi- 
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announcement of a new elastomeric material and 
its commercial availability in the form of packing 
or gaskets. Much laboratory and field test work 
must be done, and compounding techniques devel- 
oped, before it can be put to work in suitable func- 
tional applications. Therefore, some of the follow- 
ing are a look toward the future. 


Hypalon Chlorosulfonated Polyethylene: This 
new elastomer has demonstrated excellent gasket 
properties, although it has been more widely pub- 
licized for use in acid hose and conveyor belts for 
handling hot materials. Its outstanding property 
is its resistance to all kinds of oxidizing conditions. 
It is immune to ozone, has exceptional resistance 
to sunlight and weather, to temperatures in the 
range of 250 to 350F, and to strong oxidizing 
chemicals. This acid resistance makes it suitab!e for 
chemical applications where a compressible gasket 
material must be employed. Because of its com- 
plete resistance to ozone, Hypalon has replaced 
plastic gaskets on large industrial ozone genera- 
tors. Other elastomers would crack and disin- 
tegrate in minutes when exposed to an atmos- 
phere containing 2 to 4 per cent ozone. 


Kel-F Fluorocarbon Elastomer: This is one of 
the most promising of the fluorinated elastomers 
developed mainly for military purposes. It has the 
unusual combination of good elastomeric prop- 
erties, chemical resistance, and thermal stability. 
It is serviceable over a temperature range of —15 
to 400 F and is essentially unaffected by white or 
red fuming nitric acid and other strong oxidizing 
mineral acids, hydrocarbon fuels and lubricants, 
alkalies, or aliphatic solvents. As more Kel-F 
elastomer becomes available for commercial use, 
it will undoubtedly enjoy wide application for gas- 
kets in severe chemical service at elevated tem- 
peratures. 


Polyacrylic Rubbers: Several new polyacrylic 
rubbers with unusual properties have been devel- 
oped. One specialized material, Vyram or N5400 
acrylate elastomer, was developed to provide a 
rubber-like seal that would resist both hydrocar- 
bon and ester type hydraulic media. In addition 
to exhibiting minimum swelling and extraction 
after exposure to various types of either of these 
fluids, it shows excellent resistance to many hydro- 
carbon solvents, transformer oils, and alcohols. 
Available only in development quantities, this 
elastomer may demonstrate its superiority in cer- 
tain services after more extensive field tests. 

Poly-FBA, a fluorinated polyacrylic elastomer 
developed to meet the military need for rubbery 
materials, should be suited for many uses in chem- 
ical and hydraulic equipment. It is capable of 
functioning over a temperature range from 0 to 
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400 F, and is highly resistant to various liquid 
fuels, lubricants, solvents, and ozone. Although it 
is highly resistant to the chemical action of fuming 
nitric acid, it is quite permeable to it. 


Silicone Rubber: Although this semi-inorganic 
rubber is not new, its chemical structure is such 
that compounds can be produced in a number of 
physical forms with differing characteristics. 
Among the latest developments are: 


1. A flame-resistant material for use as seals in 
contact with flammable fluids. 

2. A combination of silicone and Teflon which 
retains the excellent thermal properties of the 
rubber, but with greater tear strength and im- 
proved oil resistance. 

3. Various other compounds which exhibit specific 
properties such as low-temperature resistance 
to —120F, high-temperature stability to 600 F, 
or low compression set of 10 to 20 per cent. 


Urethane Rubber: This new family of elasto- 
meric materials is made by reacting a di-isocy- 
anate with a high molecular-weight glycol. These 
rubbers possess excellent physical properties, such 
as high strength, high resistance to tearing, and 
outstanding abrasion resistance compared to other 
elastomers. In addition, they are oil and solvent- 
resistant and are slow aging. Exactly where they 
will fit in the packing and gasket picture is not 
yet known, but certainly a material possessing 
such a combination of properties can be used to 
good advantage. 


Tips and 
Techniques 





Circle Areas on Slide Rules 


& IRCLE areas (diameter known) or circle diam- 

eters (area known) can be read quickly on a 
slide rule by scribing two special lines on the in- 
dicator slide. 

Set the hairline of the indicator slide directly 
over 1.88 of the D scale and scribe a thin line over 
2.0 on the D scale and over 3.1416 (7) on the A 
scale. 
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Diameters 














If the D-scale mark (line 1) is now set on any 
specified diameter, the A-scale mark (line 2) will 
show the area of the circle, and vice versa. — JAMES 
A. ConpDoNn, Maxon Premix Burner Co., Muncie, Ind. 
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SPRING ALLOYS 


What metals to select to meet 
present-day demands for long life, corrosion resistance and 


accuracy in springs. 





® High-carbon steels 
Alloy spring steels 
Stainless steels 

Spring brass and bronze 
Special nickel alloys 


By M. Gerard Fangemann 


General Manager 
Spring Div. 

John Chatillon & Sons 
New York 


come cognizant that springs are, in many devices and instruments has to expect more per- 

instruments and controls, the real heart of formance from the usual spring. Greater accuracy 
the unit. Since space allowances are becoming in spring rate, lower straight-line error, and smaller 
hysteresis and drift error are all expected. In 
many cases, along with these requirements, con- 
stant strength with temperature changes is also 
needed, Fig. 1. Lately, even another factor has been 
added—long life at high stresses, coupled with 
good corrosion resistance. 

Today, the design engineer obviously has a lot 
more to worry about than economy in the choice 
of spring materials, particularly if his choice must 
withstand all these conditions. He must be famil- 
iar with the usual spring materials—and they are 
included briefly in this presentation—but he should 
also be familiar with some of the newer materials, 
Table 1. 

Spring materials can be classed into three 


bop the past few years, industry has be- smaller and smaller, the manufacturer of accurate 





Fig. 1—Temperature-compensated spring ma- 
eal, used me Bendix fuel flow Ps } ob- 
tain constant strength with variation in temper- 
ature. The spiral Iso Elastic spring must also 
maintain hysteresis error below 0.3 per cent of 
total rotation. 
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groups: ferrous materials, nonferrous materials, 
and special alloys. These will be discussed in 
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spring materials. It can be used at temperatures 
approximating 250 F with good success and is 
easily plated to meet the usual salt spray test. 
Life expectancy is excellent, which is the one main 
reason it has become so popular in recent years. 

Included with ferrous steels is a group of ma- 
terials that have to be classified as alloy spring 
steels. These special steels have been developed 
to carry on where music wire ceases to be accept- 
able. Alloy materials can withstand higher stresses 
at higher and lower temperatures than the previ- 
ously mentioned high-carbon spring steels. More 
important, they have a longer life cycle and have 
better immunity to shock and impact loads. 

The most popular alloy steel is “old reliable” 
chrome-vanadium steel (SAE 6150), which has 
been used for years for high-stress applications 
and where long fatigue life is a necessity, Fig. 3. 
It is used extensively for valve springs, particu- 
larly in aircraft. 

This alloy is being superseded gradually by 
chrome-silicon alloy steel (SAE 9254), which is 
rapidly finding a useful place in high-stress ap- 
plications. It has good endurance and can also be 


used to temperatures of about 500 F. This ma- 
terial is competitive with another new material, 
alloy. 


chrome-moly-vanadium This alloy has 





Fig. 3 — Atlas weighing 
mechanism, which uses 
chrome - vanadium steel 
springs operating at ex- 
tremely high stresses. 
Springs have to be resist- 
ant to shock and impact 
loads, with long life. 
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about the same resistance to shock and equally 
good life. In addition it can withstand tempera- 
tures approximating 800 F. 


Nonferrous Alloys 


Main nonferrous alloys are copper-base materials, 
which will always be in use where good conduc- 
tivity is a primary requirement. This property, 
coupled with good resistance to corrosion, make 
these spring materials ideal for many electrical 
applications. 

Spring brass (SAE 80) is the least expensive 
and has probably the highest electrical conductivity 
of the nonferrous alloys. It has low tensile strength, 
however, and springs have to be designed at ex- 
tremely low stresses. 

A better choice for springs operating at higher 
stresses because of space limitations would be 
phosphor bronze (SAE 81)—a popular alloy for 
many years. It can withstand at least 50 per cent 
higher stresses than brass and can be used to ap- 
proximately 200 F. 

An even better alloy is beryllium copper. This 
is a hardenable alloy that can withstand even 
higher stresses and still be capable of good con- 
ductivity and good corrosion resistance. Unfor- 
tunately, it is frequently necessary to jig parts 
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being heat-treated to hold physical dimensions, 
thus adding to the extra cost of the material itself. 


Special Spring Alloys 


One group of alloys that has been used increas- 
ingly is the stainess steel group. Industry is con- 
stantly requiring more corrosion resistance for 
springs. Various forms of stainless steels are 
proving to be the ideal answer to many problems. 

The most popular stainless alloy. is Type 302 
or 18-8 alloy (SAE 30915). It has the highest 
tensile strength of the series and has uniform 
characteristics from melt to melt. It is not hard- 
enable by heat-treatment, is slightly magnetic, and 
can be used to approximately 500 F. A satisfac- 
tory substitute for this alloy is Type 304 (SAE 
30905) when stresses are not considered high. 
Type 316 (SAE 30805) is similar to Type 302 
but has even better corrosion resistance. Oper- 
ating stresses, however, have to be lower. 

When good corrosion properties are required, and 
operating stresses are necessarily high, a relatively 
new material may be found worth-while—17-7PH 
stainless. This alloy contains approximately 1 per 
cent chromium and 7 per cent nickel as well as ti- 
tanium and aluminum. It has a tensile strength 
approaching that of music wire, obtained by heat 
treatment. It lends itself well to production of 
formed parts designed at high stresses. 

Monel—a _ nickel-base alloy—has excellent re- 
sistance to salt water corrosion, and high mag- 
netic “transparency.” It derives its spring proper- 
ties from cold reduction and is not hardenable. 
Consequently, low working stresses must be used. 
Monel has been used successfully at temperatures to 





450 F. A variation of this alloy is K-Monel, a 
precipitation-hardened alloy which can be formed 
prior to heat treating and used at higher working 
stresses. 

Inconel, another popular nickel alloy, is used 
primarily at temperatures to 700 F. This material, 
like Monel, is not heat-treatable, but it does have 
a higher tensile strength. As a result, it is adapt- 
able for valve springs and other high-temperature 
applications. Its mate, Inconel X, is made heat- 
treatable by addition of titanium, columbium and 
aluminum. Consequently, coiling or forming oper- 
ations are easier, but there is the extra expense 
of long heat treatment. This alloy is finding favor 
for valve springs at service temperatures to 1050 F. 

Another group of nickel alloys are noted for con- 
stant strength with great variation in temperature. 
They are classified as constant-modulus alloys, 
since their modulus of elasticity remains practically 
constant with temperature. These materials are 
used only for precise requirements where minute 
errors would be magnified and troublesome. The 
various alloys are all resistant to corrosion and can 
all be considered poor electrical conductors. For 
convenience, the three main types are described. 

The original alloy, Elinvar, derives its spring 
properties by cold working. However, working 
stresses have to be kept at low levels. A later 
modification, called Iso Elastic, also receives its 
spring properties by cold working, but stress 
limits can be increased considerably. 

In addition to its constant modulus, Fig. 4, Iso 
Elastic has extremely low hysteresis and drift 
error. Consequently it has become very popular 
in precision instruments. The trend today is for 
greater accuracy of calibration along with almost 
perfect straight-line relation between load and 
deflection. Iso Elastic can meet this requirement 
easily. 

Two additional factors help account for Iso 
Elastic’s popularity: (1) lower cost than many 
materials with similar properties, and (2) greater 
uniformity from melt to melt. 


Fig. Met fork 
for Navy gun director, 
made of Iso Elastic, 
a temperature-compen- 
sated spring material. 
The unit is calibrated 
for a 400-cycle fre- 
quency, which must be 
maintained over a 
wide temperature 
range. 
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Sometimes, however, it is necessary to form 
springs in the soft state and then harden them to 
obtain spring properties. When this is needed, an- 
other constant-modulus alloy can be used, Ni Span 
C. This material, also one of the nickel alloys, con- 
tains nickel, iron, chromium and titanium. It has 
properties similar to Iso Elastic after hardening. 
If processing is accurate, hysteresis and drift er- 
rors should be quite low, making Ni Span C excel- 
lent for precision instrument applications. Both 
alloys can be used safely for the usual aircraft 
temperature variation range of —50 to +150 F. 
However, Iso Elastic has been successfully applied 
to 550 F. 

One requirement which has become more fre- 
quent during the past year is long life in springs 
that must operate at extremely high stresses. A 
material that has proved many times to be out- 
standing is an alloy called Cobenium. This is a 


T OTALLY - ENCLOSED gen- 

erator and starting motor, 
shielded safety fuel fill cap, pro- 
tected gas tank, covered battery 
terminals and rubber boots over 
all electrical terminals are some 
of the safety features incorpo- 
rated in a new line of lift trucks. 
This is claimed to be the first 
line of gas-powered lift trucks 
approved for use in hazardous 
locations. Other safety features 
of these lift trucks manufactured 
by Yale & Towne Mfg. Co. are 
a spark-arresting muffler, flame- 
arresting air cleaner, nonsiphon- 
ing suction-fed fuel system and 
a generator and battery cutout 
switch to break the electrical 
circuit in an emergency. The 
trucks are available in capacities 
from 3000 to 10,000 Ib. 
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nickel-base alloy also having iron, chromium and 
cobalt in its composition. It was formerly known 
as Elgiloy. Its modulus of elasticity is about the 
same as music wire, and its ultimate strength is 
usually around 375,000 psi. A lot depends, how- 
ever, on the procedure used in manufacture in de- 
termining the success of the material for spring 
applications. 

This alloy has solved several serious problems. 
However, the special variation in processing is ac- 
tually most important in gaining success. One 
specific example is an Eastern firm that ran into 
serious difficulty with a limited-space spring: re- 
quired to meet a 25,000-cycle minimum life test. 
A spring of Cobenium, with a special deviation 
from normal processing, was capable of not only 
meeting the 25,000-cycle life test, but of handling 
a minimum of 75,000 cycles and a maximum thus 
far of 120,000 cycles. 
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MATERIALS FOR 


A broad-scale summary of recent materials, 


coatings and processes developed for 


low friction and wear resistance. 


NGINEERING descriptions of bearing designs 
KE, frequently ignore the limitations due to wear. 
This is natural because wear is often not 
regarded as one of the limiting parameters. Hy- 
drodynamic bearings are supposed to have infinite 
wear life. This supposition is either a luxury 
where time is traded for money, or an ignorance 
factor which reflects general lack of knowledge 
about wear. Wear increasingly is a subject of 
concern in machine design. This concern also moti- 
vates a growing number of scientists in the field. 
Wear resistant materials should not call to mind 
tungsten carbide or high-speed steel without some 
picture of what to expect from alternate mate- 
rials, so that the most economical and sound selec- 
tion may be assured. Thus, this article refers 
to a wide selection of the newer wear-resistant 
materials to present a proper perspective. Mate- 
rials reviewed are of two types: (1) bearing ma- 
used because of their low-friction char- 
hard materials, resistant to 


terials, 
acteristics, and (2) 
abrasive type wear. 


Aluminum 


Aluminum once was regarded as a poor bearing 
metal, because the metallurgical structure of alu- 
minum does not fit the classical picture of what 
a bearing alloy should look like, and because alu- 
minum is soft and prone to scoring and galling. 
Despite this dreary outlook, current research shows 
that aluminum alloys will do an excellent job 
where the application is suited. 

Many aluminum alloys do have the classical 
bearing structure of a soft phase distributed in 
a harder matrix, and these are among those that 
are being adapted to bearing applications. An 
alloy of 70 Al, 30 Sn, for example, has improved 
fatigue resistance over babbitt at the operating 
temperature of diesel engines and is promising 
for use in modern high-pressure diesel engines 
where loads of 3500 psi are encountered. 
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Load capacities to 5000 psi are reported for alu- 
minum bearings. The problem of bonding to a 
strong back has apparently been worked out, and 
corrosion is less severe than with lead babbitts. 
More resistance to metal-to-metal contact at higher 
temperatures and increased fatigue resistance for 
aluminum is reported, compared to copper-lead 
and babbitt. 


Titanium 


Unlike aluminum, titanium has not been used 
for bearing surfaces, although it would be unwise 
to predict that this is impossible in these chang- 
ing times. However, titanium is so useful in many 
ways, and so objectionable because of its galling 
and seizing tendencies, that progress to make up 
for this lack is of wide general interest. 

Development of a ductile chrome plating process 
for titanium and aluminum in the fall of 1955 
made big news. The Baylig Process patent has 
not been issued, and details are not available. 
Samples indicate that a good bond has been pro- 
duced, making possible a new range of applica- 
tions. Ductility of the coating is reported to be 
excellent, indicating that the hydrogen content 
is low and that the chromium structure is a favor- 
able one. It cannot be assumed that the wear 
resistance and coefficient of friction of the chromi- 
um deposit are the same as conventional hard 
chrome-plated surfaces, however. Comparative 
wear and friction coefficient tests would be valu- 
able on this chrome plate. 

Molybdenum has been deposited on titanium 
to make a second method of coating with improved 
bearing qualities. 

Titanium is finding its way into aircraft as 
fasteners despite the view held earlier that its 
seizing tendency would limit such applications. 
Considerable work has gone into a search for 
lubricants for titanium to reduce the high coeffi- 
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ENGINEERING MATERIALS 


WEAR RESISTANCE = 


By Verne Pulsifer 


Research Metallurgist 

Armour Research Foundation 
Illinois Institute of Technology 
Chicago 


cient of friction. This high friction is due to 
transfer of titanium to the mating metal surface, 
with the result that wear and friction character- 
istics are poor, like those of titanium rubbing on 
itself. Machining of titanium is also more trouble- 
some than that of many other materials. 


Ceramics 


Recently, metal oxides and other combinations of 
metals with the interstitial elements have received 
much attention because of their unusual perform- 
ance as cutting tools. Forms now being produced 
have a dense structure, with thermal shock resist- 
ance, high modulus of elasticity, and unusually 
high hot hardness. Metal oxide cutting tools, prin- 
cipally aluminum oxide but sometimes others, 
seemingly can cut steel faster, smoother, and with 
longer life than tungsten carbide. 

Boron nitride is a soft ceramic with an unusual 
combination of properties, including corrosion and 
oxidation resistance, high dielectric properties, and 
high thermal conductivity. It is known as “white 
graphite” because of its excellent machinability. 
Like graphite, it may have great value in special 
low-pressure applications, although its availability 
is now limited. 

A new field that is rapidly developing is the 
field of ceramic coatings. The most wear-resistant 
of these is believed to be applied by the Poorman 
process (Linde Air Products Co.). This process for 
ceramics, as well as other coating methods devel- 
oped by Norton Co. and Armour Research Founda- 
tion, is promising for a number of wear-resistance 
applications combined with high temperatures. 


Carbides 


Steady progress continues in the use of carbides 
for use in all types of tough wear and abrasion- 
resistant jobs. The new Flame Plating process 
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for application of tungsten carbide and other coat- 
ings to a host of materials is an excellent example 
of the diversified growth. 

It is better understood today that carbide fail- 
ures by fracture can be traced to impact, and 
that successful application of carbide parts can 
be achieved only if the carbide is mounted or fast- 
ened free from chatter and play. Other important 
requirements are proper brazing and fitting tech- 
niques. 


Powder Metals 


The range of material combinations and proper- 
ties developed with powder-metal techniques makes 
it impossible to generalize regarding wear resist- 
ance. Requirements for manufacture of metal 
powders are often as severe as for cermets and 
ceramics, except for sintering temperatures. Each , 
material has its special characteristics, and me- 
chanical properties for exacting applications can- 
not be held, say, if atmospheric contamination 
of a fine, reactive metal powder occurs. Many of 
the brass and iron sintered bearings with graphite, 
oil and plastic impregnation have become stand- 
ard materials for bearings. 

An interesting method of “repairing” bearings is 
use of powdered metals suspended in a lubricant. 
This product, composed of finely powdered copper 
and lead, either dry or suspended in oil, will have 
utility where bearing access or other circumstances 
prevent normal maintenance of scored journals and 
bearing faces. 


Special Wear-Resistant Materials 


A number of special wear-resistant materials 
must be included in any survey of the subject. 
Recent work with some of these classes of ma- 
terials is reported. 

Graphite and carbon brushes are familiar for 
wear-resistant electrical contacts. These are avail- 
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able in many special grades. Like many other 
materials, graphite and carbon are becoming 
known as bearing materials when they are properly 
supported. Failures have been reported in graphite 
bearings at high altitudes, but the outlook is for 
properly prepared graphite to come back stronger 
than ever. 

Graphite has low friction qualities because of 
its adsorbed film of water, which is destroyed at 
low pressures. Other adsorbed films have been 
substituted which are not lost as easily. Such films 
are provided by certain hydrocarbons whose film 
adhesion depends upon the structure of the ad- 
sorbed molecules. 

Sleeve-bearing alloys are well-known as low- 
friction materials. They can be classified generally 
into six types: babbitt, copper-lead, leaded bronze, 
bronze, silver, and aluminum. Steel-backed copper 
alloys and silver alloys, along with many other 
types, are enjoying wide use in automobiles and 
aircraft. One of the chief advantages of alloys 
in this class of applications is resistance to seizure 
under adverse circumstances, such as loss of lubri- 
cation. The modern bearings in automobiles and 
aircraft are an engineering marvel not generally 
appreciated. 

Load capacity of some of these materials is 
relatively low, but this is compensated for by 
other advantages such as long life, cool running 
at high speeds, and easy replacement. Load ca- 
pacity based on wear-resistance in electric motors 
has been reported as: 50 psi for sintered bronze 
and babbitt on bronze; 100 psi for babbitt on steel; 
150 psi for copper-lead on steel; and 200 psi for 
bronze. 

The high cost of die sinking has caused re- 
examination of nonferrous alloys for dies, partic- 
ularly for use in relatively short runs where wear 
resistance can be somewhat less than for steel 
dies. Aluminum bronze is one material being 
used for press tools. 

There is not much new to report on cast iron, 
white irons, and other basic iron-carbide (cemen- 
tite) materials. However, these still constitute 
one of the most useful classes of low-cost wear- 
resistant materials. They are often used against 
steel and other softer materials for low-friction, 
long-life applications. 

As indicated previously, plastics are sometimes 
used to impregnate powder-metal bearings, with 
excellent results. Teflon-impregnated compacts 
have been found excellent in severe high-temper- 
ature water service. Plastics are also used without 
the support of sintered metals for low-requirement 
applications, such as in refrigerators, where func- 
tional operations prevent the use of lubricants 
and require corrosion resistance. Many plastics do 
not offer low friction coefficients. Polytetrafluor- 
ethylene (Teflon) does have a low friction co- 
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efficient of 0.05 to 0.1 compared to 0.3 to 0.8 for 
most other plastics. 


Wear-Resistant Steels 


Some reports have confirmed the cleanliness that 
can be obtained by vacuum melting of SAE 52100 
ball-bearing steel and tool steel. Test results have 
shown life increases of 100 to 700 per cent due 
to the cleaner structure. Early fatigue failures 
that begin at inclusions evidently are eliminated 
in the cleaner steels. Vacuum-melted steels will 
ultimately require revision of a number of spec- 
ifications to take advantage of their improved 
properties. 

Ball and roller-bearing steels are still popularly 
made from high-carbon, high-chromium steels 
such as SAE 52100, or sometimes from medium- 
carbon steels such as SAE 4140, 1065, or 8660. 
Cleanliness of these steels is a large factor in 
trouble-free long life. 

Ingenuity has been exercised to enlarge even 
further the already wide versatility of tool steels. 
Machinability of certain tool steels has been mark- 
edly improved by the addition of lead. Graphitic 
grades of oil-hardening tool steels have been de- 
veloped to reduce the coefficient of friction in serv- 
ice. Lower friction proves to be the only path 
to reduced tool damage for high-pressure and 
high-temperature service. Both of these improve- 
ments are important ones, and they no doubt will 
be expanded to other grades of tool steels where 
it is technically and economically feasible. 


Surface Hardening of Steel 


Surface hardening includes improvement of wear 
resistance by (1) surface diffusion, or (2) trans- 
formation of surface regions. Carbon and nitrogen 
are two elements used in important surface-harden- 
ing processes. Carburizing, nitriding, carbonitrid- 
ing, and cyaniding for steels depend upon these 
elements for surface hardening. Nitride-forming 
elements like aluminum and vanadium should be 
present in the steels to derive benefit from nitrogen 
diffusion. 

Nitriding has the advantage over carburizing 
in the high hardness that can be achieved—good 
for service temperatures to 1100 F. The low treat- 
ment temperature also reduces distortion. The 
white nitride layer should be removed by grind- 
ing. The atmospheres used and the depth of hard- 
ening, however, are more restricted for nitriding 
than for carburizing. 

Flame hardening of steels is a recent process 
development becoming more popular because of 
simplicity of the apparatus required. It depends 
upon surface transformation of the steel by local- 
ized rapid heating and cooling. Applications are 
diverse, as evidenced by its use for ball bearings, 
shafts, and gears. 
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Surface hardening by diffusion of substitutional 
elements is an extremely broad field including such 
processes as Calorizing, scherardizing, siliconizing, 
and chromizing. The principal utility arises from 
heat and corrosion resistance, but the improved 
hardness frequently renders the base metal highly 
wear-resistant. 


Facing and Coating Materials 


Since the field is so broad, this review covers 
recent work on wear-resistant materials applied by 
plating. weld-overlay, spraying, and related methods 
only. 

Hard chrome plating of components, dies, and 
tools competes favorably with carbides and other 
surface-hardening methods for many wear-resist- 
ant applications. The chrome plating hardness 
range is 700-1200 Vickers compared to 900 Vickers 
for hardened steel and 1000 Vickers for nitrided 
steel. Hard chrome plate is useful for its low fric- 
tion property, and also for building up worn sur- 
faces. Techniques for getting an adherent chrome 
plating on hard tool steels include prior stress re- 
lief. Recent chrome-plating developments have 
improved adherence and structure of the deposits. 

Weld overlays of hard metals, or tough metals 
with hard filler materials, have been used for many 
years. A special development of this technique 
is a stainless-steel overlay on cast-steel turbine 
blades. 

Metal spraying for building up shafts and bear- 
ings has become well accepted. Several extensions 
of the method and new developments of a similar 
nature are noteworthy. An application of metalliz- 
ing with a hard sprayed coating — Rockwell C56- 
61 — has been used for wear - resistant pump 


plungers and shafts. The low-carbon steel sur- 
faces are ground to size and grit-blasted prior to 
spray welding. 

The Poorman Flame Plating process (Linde Air 
Products Co.) has now been described in detail 
since the patent on the process has been issued. 
Tungsten carbide is the only material now being 
Flame Plated commercially by this process. The 
composition of the tungsten carbide coating is 92 per 
cent tungsten carbide and 8 per cent cobalt. Other 
coating materials are in the developmental stage. 
The range of base materials that can be coated is 
almost limitless. The big application now is wear 
resistance, particularly on parts that do not require 
the use of more massive carbide inserts, or which 
require large wear-resistant surfaces. 

Structure of the Flame-Plated deposit is extreme- 
ly fine-grained and dense. The tungsten-carbide 
coating can be used up to the oxidation tempera- 
ture of cobalt, or about 800 F. The fine laminar 
structure results from impact of the powdered 
particles which are accelerated in the rapid re- 
peating detonation of acetylene and air in a gun. 
Other combustion mixtures are covered in the basic 
process, such as hydrogen-air and propane-oxygen, 
which have special advantages in accelerating 
certain kinds of particles. The process appears 
to have many applications beyond the use of tung- 
sten carbide coatings. 

Earlier, ceramic coatings developed to protect 
a variety of materials from heat and wear were 
mentioned. The adhesion of these surfaces can 
be made quite good if sufficient attention is given 
to the preparation of the surface, the thickness of 
the coating, and the conditions of deposition. The 
class of service expected from ceramic coatings is 
extremely varied. They have the advantage of 
heat and wear resistance together with resistance 
to metal wetting and contamination. 





Tips and Techniques 


Dimensioning from a Common Reference Line 


A SYSTEM of dimensioning an assembly draw- 

ing from one reference line has many ad- 
vantages. For example, the method helps in ar- 
riving at proper detail dimensions, checking part 
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relationships, and keeping records. A change in 
one dimension requires changing only one number, 
where, if the drawing were dimensioned in the con- 
ventional manner, several numbers might have to 
be changed. 

An example, see sketch, of a gear and pulley as- 
sembly is dimensioned from the top surface. Each 
pertinent vertical distance is represented by the 
figure directly above the surface. No leaders or 
arrows confuse the picture. Every thickness, 
length, clearance or other vertical relationship may 
be found by one simple subtraction.—MortTon P. 
MATTHEW, Arehndt Instrument Co., College Park, 
Md. 


Do you have a helpful tip or technique for our other 
readers? You'll receive ten dollars or more for each 
published contribution. Send a short description plus 
drawings, tables or photos to: Tips and Techniques 
Editor, MACHINE DesIGN, Penton Blidg., Cleveland 13, O. 
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DESIGN FOR QUICK DISASSEMBLY 





ANEUVERABILITY, easy handling and simplified mainte- the truck even though the | 


nance have all been considered in the design of a new line of engine is running at high 
fork-lift trucks. Available in gasoline engine-powered models rpm to drive the hydraulic | 
with lifting capacities from 2000 to 5000 pounds, the trucks have pump supplying oil to the 
been labelled Clarklift, and are described as an elite line by their lifting and tilting cylinders. 


manufacturers, Clark Equip- 
ment Co. 

Nested uprights increase 
operator vision. Maneuver- 
ability and ease of handling 
have been improved by such 
design features as a com- 
pletely automatic transmis- 
sion with a sensitive inching 
control, rear steer wheels 
with the same diameter as 
the front drive wheels, a re- 
duction in length from the 
front axle to the face of the 
fork of 21% in., and substan- 
tial weight reduction. 

Of particular interest is 
the inching valve. This per- 
mits precise, smooth forward 
or backward movement of 



























The inching valve is oper- 
ated by the first 134 in. of 
brake pedal movement re- 
gardless of brake lining wear. 
With the brake pedal de- 
pressed the full 134 in. or 
more, a small amount of oil 
is applied to either the for- 
ward or reverse clutch pack 
in the transmission to lightly 
engage the pack. The brakes 
hold the truck and prevent 
motion. As the pedal is re- 
leased, the inching valve me- 
ters more oil to the appro- 
priate clutch pack to provide 
controlled movement of the 
truck. 
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SIMPLIFIES SERVICING 





Self-adjusting brakes, high interchangeability of components between dif- 
ferent models of the line and other features which simplify servicing as well as 
component or part replacement contribute to increased ease of maintenance. 


Engine accessibility is 
excellent. A balanced, one- 
piece, swing-up hood com- 
pletely exposes the engine, 
radiator and battery when 
raised. Ignition distrib- 
utor, air cleaner, oil filter 
} and other such compo- 
nents are exposed for ad- 
justment or other service 
operations. A_ swinging 
battery tray can be quick- 
ly pivoted out of the way. 
Quick access to the torque 
converter and transmission 
is provided by a floor plate 
which is quickly removable 
since it is held by only 
four screws. 





Major servicing or unit 
replacement is facilitated 
by design for ease of dis- 
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DESIGN FOR QUICK DISASSEMBLY SIMPLIFIES SERVICING 




























assembly. Quick removal 
of the entire dashboard is 
aided by a quick discon- 
nect multiple plug which 
permits instant disconnec- 
tion of all wiring. 

The entire fork-lift as- 
sembly is removable by 
disconnecting one hose, the 
two lift cylinders and re- 
moving four bolts holding 
the trunnion caps. 

Power train, consisting 
of engine, transmission 
and drive axle, is easily 
pulled by removing six 
bolts which hold the drive 
axle to the frame and one 
bolt from the engine 
mount at the other end of 
the truck. The two tilt 
cylinder pins must also be 
removed as well as the 
brake pedal. 
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| Basic Cam Systems 


| . «  @ guide fo selection of cam and follower types 


By Harold A. Rothbart 


Assistant Professor of Mechanical Engineering 
City College of New York 
New York, N. Y. 


Besides offering a wide choice of input- 
output relationships, cam mechanisms can be 
designed in a variety of physical forms. This 1. Follower contact 
article, as a brief guide to cam selection, shows 2. Follower motion 
some of the more useful cam-follower systems . Follower position 


classified according to six bases. eeceeeeeecececceo 


3 

4. Cam motion 
5. Cam shape 
6 


. Follower constraint 











| 1. Follower Contact 





| Lt 




















| 1.3 
Plane-face follower. 
\ 1.2 Has advantage over 
Roller follower. Action roller since it will not 1.4 
1.1 is pure rolling at low jam when used with a Spherical-face follow- 
Knife-edge or point fol- speeds; some sliding steep cam. May incur er. Large radius on re. 
lower. Construction is motion at high speeds. high surface stresses face compensates for 
simple but edge wears Follower may jam if if deflected or mis- possible deflection or @] 
rapidly. cam profile is steep. aligned. misalignment. 2 
7] 


2. Follower Motion 

















4 
Translating follower (see Swinging follower (sce 
i 1.2). also 5.8). 
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DATA SHEET 
3. Follower Position 


3.1 3.2 


On-center follower (see 1.2). Offset follower (see also 4.2). Usu- 
Axis of follower motion ally offset in direction that reduces Se 
passes through center of cam force components tending to create A 
rotation jamming. ~ 
J 
. e 





Offset 


4. Cam Motion 


yY 
4.1 4.2 Follower7 f: 
e . e JA 
Rotating cam (see 1.2, Translating cam (see a 
© = : - Cam 4 
O.2, O86). also 5.1). - ek 
motion * 





5. Cam Shape 





—r- Follower 
a Cam ne 
e 

< 790° t 

Gt ' 
paongy 
Movement yO 
— of cam lovee P 


5.1 
Flat-plate cam. Positive-drive version of 
simple wedge cam 





Face-groove or plate-groove cam. Roller 
in groove constrains follower to positive- 
drive action. 











| \e- Follower 





J = * /\ “4 " \\ 
~— i t\ / | ae J 
{ ——— i \ J disk 77  % | Cam 








° 
© || \ Jf || No 2 ), po aisk 
ly | { “ee j \ ’ | No.! 
1 O _ < Cams are 
hy ~—~— fastened 
S together 
= 5.4 
accel Yoke cam. Opposite surfaces of 5.5 

. : . 
follower ensure positive drive. Double-disk cam. Pre- 

5.3 : Control of follower action limited loading rollers against 
- to 180 deg of cam rotation; re- tendons 

Wiper cam. Curved Pinte B each other minimizes 

maining 180 deg are complemen- backlash in follower 


cam drives flat-faced 


; tary to maintain the fixed-dis- 
follower 


tance contact on the cam. 


motion. 
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CAM SYSTEMS 


5. Cam shape (continued) 





Pin gear 


Follower 
sa 











5.6 
Spiral cam. Has pin-gear follower 
driven by teeth in cam groove. 





a 











(b) 


5.7 


Globoidal cam. (a) convex; (b) concave. Shape 
determined by arcs swept by oscillating follow- 
ers. Backlash in follower grooves affects ac- 
curacy at high speeds. 





Follower 




































































-Cam 
a f Fa . = : 
vA \ ii | \ \ —Cam 
_ nents \ ——_, Roller 
~ \ ad oo | 
| i eee \ } i j ( X follower 
— 7A ——— \" \ I pan) — 
\ / Py id Z = 
= | a. Sean ae 
a ->-- 
| \ : 
-+\ Oscillating 
wtnl lain | -. \e— follower 
—s Fe | \ 
5 8 End cam. Has working surface at 
ae : , rotati -ylinder. 
Cylindrical cam. Special form of end of rotating cylinder 
globoidal cam. 
3 =a 
Conical cam. Drives follow- Spherical cam. Rotating por- 
er along axis parallel to tion of sphere oscillates fol- 
sides of cone. May be used lower with axis perpendicu- 
to change direction of mo- lar to cam axis. 
tion in limited space. 
= - 
Three-dimensional cam. Ro- 
tates about longitudinal axis 
while translating along axis 
relative to follower. 
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5. Cam shape (continued) 











5.13 5.14 


Inverse cam. Normal! func- Roller gear-drive cam. Has pro- 
tions of cam and follower jected single thread in contact 
— reversed; oscillating roll- with dual-roller follower. Perform- 
er drives contoured follower. ance excellent at high speeds. 
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5.15 


Adjustable cam (also clamp, strap. 
dog, or carrier cam). Cam con- 
tours are removable pieces bolted 
to supporting cylinder. 


6. Follower Constraint 


6.3 


Positive-constraint (see 


6.1 


Gravity constraint (see 

















1.2). 5.1, 5.5, 5.7, 5.14). 
6.2 
Spring constraint. 
This article is based upon information appearing in a 

forthcoming book Cams—Design, Dynamics and Ac- 

curacy, to be published by John Wiley and Sons Inc., 

New York 
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Heat Transfer 


EAT or thermal energy is 

transferred from one region 
to another by virtue of temper- 
ature difference. The two funda- 
mental axioms are that heat flows 
only from a high temperature re- 
gion to one of lower temperature, 
and that heat emitted by the high- 
temperature region must be exact- 
ly equal to that absorbed by the 
low-temperature region. 

When heat is transferred at a 
steady rate, and the temperature 
at any given point is constant, the 
steady state is said to exist. On 
the other hand, if the heat flow is 
a function of time, the flow is 
said to be in the unsteady state. 
An example of the latter is the 
warm-up period of an electronic as- 
sembly. 

In general, there are _ three 
modes or methods of heat trans- 
fer: conduction, convection, and 
radiation. They may occur singly 
or simultaneously. Although evapo- 
ration and condensation may be 
classified under convection, they 
are usually considered separately 
since mass transfer, as well as 
heat transfer, occurs. 


Conduction: The basic law of 
heat conduction in the steady state 
and in its most simple form (heat 
transfer through a wall) is: 


«i (At) 
_ - 


where q = rate of heat transfer; 
k = thermal conductivity of the 
material; A = cross-sectional area 
perpendicular to the direction of 
heat flow; L = length of heat flow 
path; (At) = temperature differ- 
ence causing heat flow. 

Thermal conductivity k is the 
quantity of heat which will flow 
across unit area in unit time when 
the length of heat path is unity 


May 31, 1956 


and the temperature gradient 
across this path is unity. Its nu- 
merical value depends on the ma- 
terial, being high for metals and 
low for insulators. For example, 
the thermal conductivity of cop- 
per is over 300 times that of glass. 


Convection: The process of heat 
transfer from the surface of a 
solid to moving masses of fluids, 
either gaseous or liquid, is known 
as convection. This mode of heat 
transfer is brought about mainly 
through circulation of the fluid. 

For example, the surface of a 
warm object situated in still air 
at a lower temperature heats the 
air adjacent to the surface. The 
heated air becomes less dense as 
its temperature increases and in- 
duces convection currents. When 
the circulation is caused only by 
differences in density, the process 
is called natural or free convec- 
tion. Circulation may be forced 
mechanically by blowers, pumps, 
and the like, in which case the 
heat transfer is called forced con- 
vection. 

The mechanism of convection 
may be explained by considering a 
cool stream of air flowing past a 
heated surface. Immediately ad- 
jacent to the surface there exists 


a film of air varying in velocity 
from zero at the surface to the 
velocity of the main stream at its 
outer side. This film offers resist- 
ance to heat flow and is influenced 
by the nature of the flow. 

In free convection the film is 
usually in laminar or streamline 
motion and relatively thick, caus- 
ing high resistance to heat flow. 
However, in forced convection, the 
higher velocity tends to decrease 
the thickness of this film, improv- 
ing the heat transfer. 

The basic equation for convec- 
tion is: 


q-—h.A (At) 


where q = heat transfer rate; 
h, = convection coefficient of heat 
transfer; A = surface area; and 
(At) = temperature difference be- 
tween the surface and the main 
fluid stream. 

The value of h, is influenced by 
many factors including not only 
properties of the fluid such as 
viscosity, density, etc., but flow 
conditions and surface character- 
istics as well. 


Evaporation and Condensation: 
Evaporation and condensation are 
characterized by a change of state 
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Fig. 1—Temperature gradient through a wall. 
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involving a liquid evaporating to 
the vapor state and a vapor con- 
densing to the liquid state, re- 
spectively. The basic equation for 
these processes is the same as that 
for convection. 

The amount of heat necessary 
to evaporate a unit mass of a 
liquid to a vapor is called the 
heat of vaporization. Evaporation 
usually involves high rates of heat 
transfer and the coefficients may 
be as much as 200 times that for 
air in forced convection. 

During condensation the heat of 
vaporization is released. Like va- 
porization, high rates of heat trans- 
fer are usually associated with 
condensation. 


Radiation: Bodies under thermal 
agitation induced by heat emit 
thermal radiation in the form of 
electromagnetic waves ranging in 
wave length from the long infrared 
to the short ultraviolet. 

Radiation emitted from a body 
can travel undiminished through 
a vacuum or through gases with 
relatively little absorption. When 
radiation is intercepted by a sec- 
ond body, part may be absorbed 
as thermal energy, part may be 
reflected from the surface, and 
part may be transmitted still in 
electromagnetic wave form through 
the body, as in the case of glass. 

Consider a body in space re- 
ceiving radiant energy from some 
source. If all the incident radia- 


tion is absorbed with zero energy 
being reflected or transmitted, it 
is a perfect absorber and called 
a “blackbody.” 

There are no perfect absorbers 
in nature, although some bodies 
come very close to exhibiting 
blackbody characteristics. The 
ratio of the amount of energy ab- 
sorbed by an actual body to that 
by a thermal blackbody is called 
the “absorptivity.” 

In the absence of conduction and 
convection, a body at thermal 
equilibrium which receives radia- 
tion must necessarily emit radiant 
energy equal to that absorbed. 
Hence a body which is a good re- 
ceiver or absorber is a good radia- 
tor or emitter. 

The ratio of the amount of 
radiant energy emitted by an 
actual body to that emitted by the 
ideal blackbody is called the ‘“‘emis- 
sivity” and is numerically equal 
to the absornptivity. 

Its numerical value is always 
less than unity. The emissivity of 
polished copper, for example, is 
0.023, whereas that of oxidized 
cast iron may be as high as 0.95. 

The basic equation for the radia- 
tion from a blackbody is: 


q o AT* 


rate of energy emitted 
by a blackbody; o the Stephan- 
Boltzmann constant; A surface 
area; and T absolute tempera- 
ture. 

For actual bodies, the preceding 
equation must be modified for de- 


where q 





Process 
‘Btu 
Conduction 
Copper. 0.1-in. thick 
Pyrex glass, 0.1-in. thick 
Cork board, 0.1-in. thick 


Free convection 
From vertical plate 6 in. high at 120 C 
iir at SO C ? 


Forced convection 


Air over 6-in. plate at 8 ft/sec, mean 
temperature air and plate of 100 C 
Water at 40 C flowing at 5 ft/sec in 
2-in. diam pipe 
Evaporation 
Water boiling on flat plate at atmos 
pheric pressure 


Condensation 
Steom on 
pressure 


flat plate at atmospheric 
Radiation between two blackbodies 

At 100 C 50 Cc 

At 500 C and 50C 


and 





Table 1—Typical Heat Transfer Rates 


Hieat Flow 
hr/sq ft/deg F) (Watts/sq in./deg C) 
26,160.00 95.20 
87.36 0.322 
3.0 0.011 
0 OF 0.00348 
2.84 0.0104 
1420.00 5.19 
000.00 7.30 
1000.00 3.65 
1.72 0.0063 
7.81 0.0287 
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parture from ideal blackness and, 
since the net exchange of radiant 
energy between two bodies is 
usually required, it must be modi- 
fied depending on the geometry of 
the system. The general equation 
for the net rate of exchange of 
radiant heat between two nonblack 
bodies is: 

q= FP, F, Ae (T,* — To) 
where F, emissivity factor to 
allow for departure from black- 
body conditions; F, configura- 
tion factor based on the geometry 
of the system (not all of the radia- 
tion emitted by a body may be 
intercepted by the second body); 
and T, and T, are the tempera- 
tures of the hot and cold bodies 
respectively. 

Net radiation between’ two 
bodies is thus proportional to the 
difference in fourth powers of ab- 
solute temperatures, whereas con- 
duction and convection in general 
are proportional to difference in 
first powers of the temperatures. 

Convection and radiation may 
occur simu'taneously to provide 
parallel heat flow paths. The re- 
sistance concept may be applied 
to radiation by considering a ficti- 
tious radiation coefficient, h,. such 
that the convection and radiation 
coefficients are additive when a 
surface loses heat by both modes. 

The radiation coefficient is de- 
fined as: 


q 
A(AT) 


Thus, considering the equation al- 
ready given for convection, the 
total heat transferred from a sur- 
face is: 


q (h h,) A(AT) 

An electronic box situated in a 
lower temperature environment 
might lose heat by both convection 
and radiation from its outer sur- 
faces. 

Consider a wall as in Fig. 1 
with air on one side at a higher 
temperature than the air on the 
opposite side. Neglecting radia- 
tion, Fig. 1 shows the temperature 
gradient from warm air to cool 
air. Heat is transferred by con- 
vection across the air film, then 
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CMP sugscestions 
for designers 
of better 


| mousetraps 


and other important 
_ metal products requiring 
| cold rolled strip steel 


When you’re planning products on the basis of “best for 

the job,” the material specification and its cost 

becomes important in relation to performance 

and yield. And when you are considering the qualities 
) of cold rolled strip steel available, such as CMP 
restricted specification strip steel, you should 
know that CMP can supply many unusual 
advantages in physicals, close tolerances and 
finishes that make your job most successful. 
It can help you achieve the end result 

you want and assist in fabrication and 
} assembly by supplying the uniformity in coil 
after coil of the desired pre-planned 


specification. Note now the range 


oi precision cold rolled strip steel 
products CMP can supply. For more 
information write today. 








SPRING STEEL 


Cold Rolled, Annealed and Com- 
pletely Spheroidized or Hard- 
ened, Tempered and Polished— 
50% to 1.35% 
practical controlled structure to 
meet fabricating, heat treating 
and service requirements. 











carbon. Any 


LOW CARBON 


All carbon ranges — annealed, 
intermediate or hard-rolled tem- 
pers. Non-scalloping quality and 





other special specifications can 
be furnished for most efficient 
fabrication and best end product 
performance. 





CMP RESTRICTED SPECIFICATION 
COLD ROLLED STRIP STEEL PROVIDES 


increased production, less down 





time, lower die maintenance costs, 
meets feed and speed requirements 
of automatic equipment and yields 
more finished parts per hundred 
pounds of steel. 
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STAINLESS, ALLOY 


All A.LS.I. 
and government specs. to spe- 


Types and Grades 


cial specifications for physicals. 
Bright Annealed Chrome-Nickel 
and Chrome Stainless Grades, 
High-Tensile and High Hardness 
Stainless. 


ELECTRO ZINC COATED 


Ductile, tight-adhering dense 
zine coating on phosphate base 
withstands tough fabrication, 
gives highest corrosion resist- 
ance. Suitable for painting or 


enameling. 


PRODUCTS cCcO. 
OHIO 


DETROIT INDIANAPOLIS 


SAN FRANCISCO 
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by conduction across the wall, and 
finally by convection to the coo!er 
air. Since this is a thermal series 
circuit involving three resistances, 
the equation for the heat flow 
would be: 


(At) (At) 
q 
1 L 1 =R 
Ah, Ak Ah, 


where (At) difference between 
the warm and cool air tempera- 
tures; h, convection coefficients 
of the warm and cool air films, re- 
spectively; and SR total resist- 
ance to heat flow. 

Each term in the denominator 
of this equation represents a ther- 
mal resistance analogous to the 
resistances in a simple series elec- 
trical circuit. 

Temperature drop or gradient 
across each resistance is propor- 
tional to the resistance. Thus, the 


temperature drop across the wall, 
(At,,), for example, is: 


L 


Ak 
(At,,.) - — (At) 
<R 


Ultimate Sink: Unlike the closed 
electrical circuit, the thermal cir- 
cuit is an open one. The heat gen- 
erated in a vacuum tube, for ex- 
ample, is transferred by various 
modes through various channels 
and ultimately reaches a heat sink. 
The cooling process is simply one 
of transporting thermal energy 
from a heat source to a heat sink 
at a lower temperature. 

The design problem is to pro- 
vide a thermal path of low re- 
sistance and a _ low-temperature 
sink so that the temperature of 
the heat sources will not be ex- 
cessive. Further, nonheat-produc- 
ing sources critical to temperature 
must be protected from overheat- 
ing. 


In the final analysis the ultimate 
sink is the earth’s atmosphere, 
large bodies of water, or the earth 
itself. However, from the practical 
view, the designer may have avail- 
able intermediate sinks such as 
cooled air which must transport 
the heat from the electronic as- 
sembly to the ultimate sink. 


Heat Transfer Processes: Rela- 
tive magnitude of various heat 
transfer processes are shown in 
Table 1. The values listed are 
representative only and may vary 
with conditions. Comparison is 
made on the basis of conductance, 
which is heat transfer rate per 
unit area per degree temperature 
difference. In free convection from 
the vertical plate, for example, 
conductance is reported per de- 
gree difference in plate and air 
temperatures. 

From “Introduction to Heat 
Transfer” in Bureau of Ships Jour- 
nal, February, 1956. 





Nomogram aids in 


Selecting Electric Motors 


for fan and centrifugal pump type loads 


By C. G. Veinott 


Reliance Electric & Engineering Co. 
Cleveland 


HE NOMOGRAM described in 
this article, Fig. 1, was devel- 
oped primarily for application of 
electric motors to fans. It is equal- 
ly useful in application of motors 
to centrifugal pumps, or to similar 
devices which have the character- 
istic that torque required varies 
as the square of speed, or that 
power varies as the cube of speed. 
Even though these were primary 
purposes, the nomogram is also 
useful and convenient in working 
out relationships between torque, 
power and speed for any case, mak- 
ing it easy to find any one of 
these three when the other two 
are known. 
This nomogram 


is based upon 
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the following familiar equation: 
speed X torque 
Cc 


Power 


where C is a constant which de- 
pends on units used for power and 
torque. 

The reference axis has been so 
drawn that if a straight-edge is 
turned about any point on it, torque 
indicated will be directly propor- 
tional to the square of the rpm, 
and power indicated will be pro- 
portional to the cube of the rpm. 


Torque Scale: In Fig. 1, the 
torque scale is ruled with pound- 
feet on one side and ounce-feet on 
the other. The scale in pound-feet 


is direct reading when the upper 
rpm scale (usually used for in- 
tegral-hp motors) is used. The 
ounce-feet scale on the right is 
direct reading if the lower rpm 
scale (usually used for fractional- 
hp motors) is used. 

If it is desired to read torque in 
ounce-feet when the upper rpm 
scale is used it is necessary to 
multiply the actual scale reading 
by 10. (See Example 1.) 

If it is desired to read the torque 
in pound-feet when the lower rpm 
scale is used, it is necessary to di- 
vide the actual scale reading by 10. 
(See Example 2.) 


Power Scale: The power scale 
in Fig. 1 is divided into watts on 
the right-hand side. Horsepower 
divisions, corresponding to the 
usual ratings of induction motors, 
are marked on the left side of this 
scale. 


Speed Scale: The speed scale is 
divided into two rpm scales. The 
upper one is intended primarily for 
use with motors of integral horse- 
power rating, and with the pound- 
foot scale of torque. The lower 
rpm scale is principally intended 
for use with fractional horsepower 
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| Quick facts for those who apply and specify electric motors 


Eye Appeal: New Requirement in Motor Design 


\/ 
As the trend to automation accelerates and the number of individual = 
drives per machine increases, electric motors become, more than ever, eer 
an important element in the overall appearance of many machines. In 
designing the Howell Series 100 motors in the new frame sizes, Howell 
engineers set up the list of design requirements shown below. For evi- 
dence of how they met them, see the totally enclosed fan cooled motor 
at right and the detail sketches below it. 
} When you're specifying motors, why not specify for streamlined ap- 
pearance — in addition to the top performance you need? It’s a bonus 
value that costs no more and you'll be matching functional efficiency 
with sleek good looks. 

















HOWELL SERIES 100 TEFC EXTERIOR 
DESIGN REQUIREMENTS 
@ Fan cover, end-plate and frame 


to join so as to produce flush ex- 
terior surface. 








© No fins, ribs or other protrusions, 
other than conduit box and feet, 
around entire diameter of frame. 





© Joint between frame and end- 
plate to present flush exterior 
surface. 


Q Ventilation ports to carry out 
contemporary streamlining, offer 
minimum obstruction to passage of 
air, and meet or better NEMA 
specifications for safety. 


© Grease fittings, top-ball type, to 
be located for (1) easy accessibility 
(2) maximum protection against 
damage. 





© Fan guard openings to incorpo- 

rate distinctive design and to meet 

or exceed NEMA specifications for 
safety. 


@ Mounting feet to eliminate ex- 
cess bulk and weight, utilize steel’s 
strength to best advantage. Contours 
to present good appearance. 


Series 100 enclosures: totally enclosed Get complete details on these 
fan cooled, open drip-proof, splash- 
proof and weather protected, and 
totally enclosed non-ventilated. . . . write for Bulletin N-100-R 


) HOWELL MOTORS 


HOWELL ELECTRIC MOTORS COMPANY, .HOWELL, MICHIGAN 


outstanding new motors today 








Open-type motors in the Howell Series 
100 line match their TEFC counter- 
parts not only in streamlined good 
looks, (see above right), but in diam- 
eter and mounting dimensions. Space 
allocations are simplified. 








PRECISION-BUILT MOTORS FOR INDUSTRY SINCE 1915 
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Fig. 1—Nomog for applicati f 
motors to fans and similar devices. 














MACHINE DESIGN M: 





XUM 





‘| ao STEEL DESIGN 
product design CUTS WEIGHT AND COST 


can be simplified ...without sacrificing 
strength and rigidity 


strengtn . .. 
higher rigidity 


All-welded headstock 

et takes less pagan Tearspuee 

; from 16 gauge sheet. Es- 

7 d to be 20% re 

material... costs reggie yen 
cost 44% less than cast 

tron desien. Photos t. 

less to produce Soediie Siatiesme 


Company, Cleveland, O. 


You can duplicate these benefits .. . now by simply 
changing your designs to welded steel construction. 
The change over can be made easily using Lincoln’s 
Weldesign System. Your production will be simpli- 


fied, your product more durable and appealing. A 


use a MALL i ale] Lincoln representative will gladly show you how to 


start. Write us. 
but 
THE LINCOLN ELECTRIC COMPANY 
welded steel Dept. 1113 © Cleveland 17, Ohio 


Creating Lower Cost for Industry... 
With Welded Steel 
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ratings and with the ounce-foot 
scale of torque. One of the main 
reasons for having two rpm scales 
is to avoid having the straight- 
edge cross the chart at sharp 
angles. A second reason is to 
show different full-load speeds for 
motors of fractional horsepower 
than for those of integral-horse- 
power ratings. The right side of 
each rpm scale is marked with di- 
visions at the most common full- 
load speeds of induction motors. 
The and frequency corre- 
sponding to these speeds are also 
given. Any intermediate speed, of 
course, can be read by using the 
left side of the scale. 


poles 


Reference Axis: As stated be- 
fore, the reference axis has been so 
located that any single point on it 
can be used as a turning point, and 
thus indicate a full horsepower 
versus rpm curve for any one fan 
under any one specified condition. 


Using the Chart: Uses of the 


torque of 144-hp, 1160-rpm motor. 
Refer to Fig. 2. Lay a straight- 
edge across 1.5 hp and 1160 rpm. 
Extending the line to the torque 
scale, read the answer: 6.8 lb-ft. 
(The ounce-feet scale shows 10.9, 
so the ounce-feet torque would be 
109.) 

EXAMPLE 2: A blower requires 
1% hp to drive it at 3500 rpm. 
How much power does it take to 
drive it at 2900 rpm, and how 
much torque? Refer to Fig. 3. The 
required motor, rated at 1.5 hp at 
3500 rpm is normally considered 
as an integral-horsepower rating, 
but if we attempt to lay the 
straight-edge across 1.5 hp and 
3500 rpm on the integral horse- 
power rpm scale, the straight-edge 
will intersect the reference axis 
well off the paper. This difficulty 
can be avoided by using the frac- 
tional-horsepower scale, using the 
3500 rpm marking, rather than the 
3450 rpm marking, obtaining the 
point B on the reference axis. Then 
a line is drawn from B to the 2900 
rpm point, also on the fractional- 
horsepower scale. Its intersection 


scale is direct-reading regardless 
of which speed scale was used.) 
The torque required can be read 
directly in ounce-feet on the torque 
scale; it is 25. If the torque is de- 
sired in pound-feet, it can be read 
as 15.6 and divided by 10, obtain- 
ing 1.56 lb-ft torque. 


Other Uses: These examples il- 
lustrate typical uses of the nomo- 
gram. It is also useful as a means 
for recording speed-torque and 
speed-power characteristics of a 
large number of fans. Points 
marked on the reference axis are 
labeled to indicate the fan to which 
each point is referred. From the 
single point on the alignment chart, 
torque or power required by any 
one of the fans at any speed is 
very quickly obtained. This is 
particularly useful in determining 
which fan is best suited for testing 
any particular motor of any given 
horsepower and speed rating. 

From a paper entitled “Align- 
ment Chart to Simplify Fan Mo- 
tor Selection” presented at the 
AIEE Conference on Application 
of Motors to Space Heating and 





























chart can be illustrated by ex- with the power axis shows that the 
amples: power requirement is 640 watts or Cooling Equipment in St. Louis, 
EXAMPLE 1: Find the full-load between 34 and 1 hp. (The power Mo., October 1955. 
Reference Axis Reference Axis 
/ 
4 
/ 
/ 
4 
1160 T 
on 4 3 
- 4 - 
* / = 
ne / e 
- - | 7 = a 
c ~ 1.59 | E = 152s RL 7 
. / | ra 2 aad = ~"e 
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4 ¢ = 220056 ~s 
f - } | ae S vi es 
6.8—410.9 z =o 
7 £ as Pe 
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Torque Power Speed | Torque Power Speed 
Fig. 2 — Use of nomogram to solve Fig. 3—Solution 
Example 1. Ounce-foot scale reads of Example 2. 
10.9, so true ounce-foot torque is 109. 
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“And I Said [’d 


Never Use a : 
Drafting Machine” ‘a \ 








(BRUNING ) 


Bruning Counterbal- 
anced Drafters and 
Bruning Track Draft- 
ers provide fast, easy, 
accurate drafting on 
vertical boards and on 
extra-large drawings. 


Bruning Equipoise 
Drafters are available 
with either the Civil 
Engineer protractor 
head, shown here, 
with its special azi- 
muth scale, or the 
Standard protractor 
head. 








Take a tip from an increasing number of draftsmen who, perhaps like 
yourself, were reluctant to try any drafting machine or had been 
disappointed in a conventional type drafter. These men now report: 
Bruning Equipoise Drafters cut drafting time over conventional 
equipment up to 40% on most jobs, up to 50% on some structural 
drawings — beat any other drafting machine they ever tried. 


But prove it to yourself! See how fast you'll work with one precision 
instrument combining T-square, straightedge, triangle, protractor, 
and scales. Feel how the patented Equipoise mechanism eliminates 
any drift from gravity, literally makes the drafter “float” into place. 
Find how easy it is to rotate, turn, and lift this drafter — all with the 
left hand. At the same time, operate the Touch Control button with 
your left thumb to set the drafter automatically at any of 24 commonly 
used 15-degree increment angles. Don’t overlook the special scale 
lock that makes it easy to change the scales, holds the scales rigid. 


Your own test will convince you of the superiority of a Bruning 
Equipoise Drafter. Mail coupon today! 


Charles Bruning Company, Inc., Dept. 54-K 
4700 Montrose Ave., Chicage 41, Illinois 


Please send me the free booklet on Bruning 





Drafting Machines. 














a ee” 





Si cceeniiasesmienncen Title 
Company___ 
America’s Largest Supplier of Engineering Attn a 
and Drafting Equipment. 
City_ County State 
CHARLES BRUNING COMPANY, INC., 4700 MONTROSE AVE., CHICAGO 41, IL Low 
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Chemical Rubber 


How Hypalon chemical rubber has 
solved numerous problems in product 
design and plant maintenance calling 
for rubber products with resistance 
to deterioration is related in illus- 
trated booklet A-509. Examples of 
how its characteristics have bene- 
fited users of hose, belting, seals, 
coatings and other products. 8 pages. 
E. I. du Pont de Nemours & Co. 

—Circle ITEM 401 


Speed Reducers 
Details of Cone-Drive shaft-mount- 
ed speed reducer line which utilizes 
the double-enveloping worm gear de- 
sign are found in illustrated bulletin 
CD-400. Dimensioned assembly draw- 
ings, horsepower and torque charts 
and application photos are given, 
along with complete specifications. 
12 pages. Michigan Tool Co., Cone- 

Drive Gears Div. 
—Circle ITEM 402 


Pyrex Heat Exchangers 
Edge-indexed for reading convem- 
ence, bulletin PE-33 will help in choos- 
ing the right modular glass shell and 
tube heat exchanger. Ten engineering 
drawings show how heat exchanger 
modules can be installed. Charts cov- 
er fluid constants, friction losses, sur- 
face area calculations and thermal 
gradients. 16 pages. Corning Glass 
Works. 
—Circle ITEM 403 


Multiple V-Belt Drives 
Origin, history and development of 
the multiple V-belt drive is discussed 
in pocket-size booklet 20E8297. The 
evolution of standards in engineering 
V-belt drives is also covered. Basic 
principles and practices involved in 
engineering and use of drives are ex- 
pressed in question and answer form. 
36 pages. Allis-Chalmers Mfg. Co. 
—Circle ITEM 404 


Air Conditioning Components 
Torque converters, radiators, clutch- 
es, oil coolers, heat exchanger coils 
and components for air conditioning 
in automotive, agricultural, com- 
mercial and industrial vehicles are 
described and illustrated in booklet 
“Long Designs and Makes Them Bet- 
ter.” Research, development and man- 
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ufacturing facilities are also ex- 
plained. 16 pages. Borg-Warner Corp., 
Long Mfg. Div. 

—Circle ITEM 405 


Steel Hardening Process 
Pocket-size booklet describes ‘“Su- 
per Scottsonizing,” a process for 
hardening stainless steel parts which 
are already finished to size. It will 
harden stainless steel to an estimated 
2000 Brinell. Wide variety of treated 
parts are shown. 64 pages. C. U. 
Scott & Son, Inc. 
—Circle ITEM 406 


Nylon Molding Powder 
Folder-type bulletin describes Nyla- 
tron GS, a “moly” filled nylon mold- 
ing powder which has _ exceptional 
wear and frictional properties along 
with resistance to heat distortion and 
expansion. Test data are included. 6 
pages. National Polymer Products, 
Inc. 
—Circle ITEM 407 


Custom-Made Rubber Parts 
Facilities for producing custom- 
made rubber parts and components 
are described in file folder. Lab fa- 
cilities for compound development, 
fabricating techniques for producing 
rubber products to close tolerances 
and a showing of representative prod- 
ucts are highlights. 8 pages. Goshen 
Rubber Co. 
—Circle ITEM 408 


Powder Metals 
Processes used to manufacture elec- 
trolytic and reduced iron powders 
are described and illustrated in bul- 
letin No. 2. Their uses in manufac- 
turing are listed and the mechanical 
and electrical parts made from these 
powders are shown. Other powder 
metals are also covered. 12 pages. 
National-U. S. Radiator Corp., Plastic 
Metals Div. 
—Circle ITEM 409 


Custom Built Cylinders 
Comprehensive data regarding de- 
sign and materials used in making 
custom-built cvlinders for 1500, 3500 
psi or higher pressures are given in 
bulletin 79000. Units shown cover a 
variety of special applications. 6 
pages. Oilgear Co. 
—Circle ITEM 410 


Spring Motor Design 
General principles, physical and op- 
erational characteristics, typical ap- 
plications and limitations of Neg’ Ator 
constant-torque spring motors are dis- 
cussed in bulletin 310Mb. Latest data 
for design of these spring motors, in- 
cluding procedures and formulas, are 
given. 25 pages. Hunter Spring Co., 
Neg’ator Div. 
—Circle ITEM 411 


Hard Surfacing Alloys 
Hard surfacing alloys described in 
company folder are covered as to com- 
position, welding specs, character- 
istics and use. Materials consist of 
alloy-filled tubes in coils for auto- 
matic welding, or cut to length type 
for manual application. 9 pages. 
Coast Metals, Inc. 
—Circle ITEM 412 


Expansion Joints 
Catalog No. 53 on HydroLastic ex- 
pansion joints gives details of con- 
struction and specifications, together 
with directions for ordering and ap- 
plication data for various piping sys- 
tems. Joints are hydraulically formed 
and dynamically controlled. 24 pages. 
Cook Electric Co. 
—Circle ITEM 413 


Arc Welding Procedures 
Technical Data Card 155A sum- 
marizes various recommendations for 
arc welding various stainless and 
chromium molybdenum alloy tubing 
steels. It provides data about pre- 
heating and postweld heat treat- 
ments, and indicates proper elec- 
trodes to use. Babcock & Wilcox 

Co., Tubular Products Div. 
—Circle ITEM 414 


Colloid Dispersions List 
Revised “List of ‘dag’ Dispersions 
for Industry” covers 44 colloidal and 
gsemi-colloidal dispersions for opera- 
tional function, maintenance, lubrica- 
tion, and machine design. Eight new 
dispersions are included in this list. 
4 pages Acheson Colloids Co. 
—Circle ITEM 415 


Ratchet Drive Lubricator 

An automatic ratchet-driven lubri- 
eator for servicing small machines 
and mechanisms where installation 
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LINK-BELT COMPANY: Executive Offices, Prudential Plaza, Chicago 1. 
Branch Stores and Distributors in All Principal Cities. Export Office: New York 
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THREE LINK-BELT P.I.V. DRIVES on this automatic production machine allow 
operator to select exactly the most efficient rpm for the tool and the metal he 
is working. He has precise, infinitely variable control of every operation. 





ALL-METAL CONSTRUCTION, shown 


little wear and maintenance. 


self-regulation of P.I.V. This jute slash 
is controlled electronic: ally. 


COMPLETE DATA. Book 2274 suggests us 
for P.I.V. in timing, synchronization, many 
other jobs. Book 2349 covers controls. 


provided by stepless, positive Link-Belt P.I.V. drives 


EGULATING machine and conveyor speeds .. . 
R synchronizing and timing operations . . . me- 
tering material flow or controlling rotary motion 
—for countless jobs requiring infinitely variable 
control of rpm, all industry uses Link-Belt P.1.V. 

Whereas ordinary variable speed drives depend 
on friction to transmit power, P.I.V. operates with 
an ingenious, slipless chain. It engages in radial 
grooves of two sets of wheels on input and output 
shafts. As the operator turns the control screw, one 
set of wheels closes . . . the other spreads. The self- 
tooth-forming chain automatically adjusts itself to 
the wheel diameters to provide desired ratio. 

This grip assures positive selection of any speed 


from maximum to minimum settings—with any 
size loads and without interrupting machine oper- 
ation. P.I.V. is unexcelled for accuracy, and its 
principle has been proved in many years of efficient 
service. Performance is quiet, trouble-free, unaf- 
fected by atmospheric conditions. To learn how it 
can extend the useful range of your machines, call 
your nearest Link-Belt office 


Lis 





VARIABLE SPEED DRIVE 


South Africa, Springs. Representatives Throughout the World. 
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phantom, means long operating life with 





AUTOMATIC CONTROLS are available for 


er 





es 


Variable speeds, unvarying accuracy 


To Serve Industry There Are Link-Belt Plants, Sales Offices, Stock Carrying Factory 
7; Canada, Scarboro (Toronto 13); Australia, Marrickville, N.S.W.; 














Helpful Literature 





space is limited and where an oscil- 
lating drive is more readily available 
than rotary motion is subject of 
Technical Reference sheet 55B. 2 
pages. Bijur Lubricating Corp. 
—Circle ITEM 416 


Pumping Units 
Bulletin PU-3-A presents essential 
information on standard oil-hydrau- 
lic, vertically mounted pumping units 
used for many industrial machinery 
applications. Units are offered with 
1% to 10 hp motors and deliver 2.4 
to 11 gpm at 0 psi. 2 pages. Deni- 
son Engineering Co. 
—Circle ITEM 417 


Polyester Film 
Latest commercial uses and de- 
tailed physical and chemical proper- 
ties of Mylar polyester film are re- 
viewed in booklet MB-4. The book- 
let cites many industries where this 
plastic film has become a preferred 
material. 8 pages. E. I. du Pont de 

Nemours & Co. 
—Circle ITEM 418 


Liquid Chiller 
Reasons for the wide acceptance of 
company’s Dry-Ex liquid chiller are 
presented graphically in catalog 600. 
Ninety-seven standard sizes with ca- 
pacities ranging from 5 through 300 
tons are listed along with specifica- 
tions and a simplified selection pro- 
cedure. 8 pages. Acme Industries, 
Inc. 
—Circle ITEM 419 


Chemical Resistance Chart 
Compatibility of nearly 400 re- 
agents to polyethylene, nonplasticized 
polyvinyl chloride, high impact PVC 
and high tensile, high temperature 
polyethylene is shown in list compiled 
according to tests using nonstressed 
Specimens. American Agile Corp. 
—Circle ITEM 420 


Helical Gear Drives 
Load classes for over 250 applica- 
tions of in-line helical gear drives are 
given in illustrated booklet 2651. 
Overhung load ratings, dimension 
tables, selection instructions and cut- 
away views of double and triple re- 
duction units are included. 16 pages 
Link-Belt Co 
—Circle ITEM 421 


Variable Speed Pulleys 
Instructions for selecting and in- 
stalling variable speed pulley sys- 
tems for industrial power take-off 
are found in illustrated brochure 
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Proven formulas and tables are in- 
cluded, along with specifications. 
Equipment Engineering Co. 

—Circle ITEM 422 


Industrial Engines 
Specifications, power curves, de- 
sign features and dimensional draw- 
ings for the Ford 239 cu in. displace- 
ment V-8 cylinder industrial engines 
are found in illustrated bulletin TIE 
9-7003. Brake horsepower ranges 
from 50 to 97 at from 1400 to 2800 
rpm. 4 pages. Ford Motor Co., 
Tractor & Industrial Engine Div. 
—Circle ITEM 423 


Vacuum Forming of Plastics 
“Concepts that Count in Vacuum 
Forming” is illustrated folder that 
describes vacuum forming of plastics, 
shows examples and evaluates com- 
pany’s equipment and facilities. Avail- 
able formable materials are covered. 

4 pages. Nordic Plastics Co. 
—Circle ITEM 424 


Pressure Vessel Steels 
“Comparison of Carbon and Alloy 
Steels for Pressure Vessels” is a 
booklet that simplifies plate steel se- 
lection by graphically comparing the 
cost of specific steel against service 
requirements of pressure and tem- 
perature. Extensive technical data 
are included. 12 pages. Lukens 
Steel Co. 
—Circle ITEM 425 


Gravity Conveyors 
yalvanized Rapistan steel gravity 
conveyors, offered at same price as 
painted steel channel units, are de- 
scribed in illustrated bulletin GAL- 
55. The steel coating will not flake 
or chip. Conveyor applications are 
outlined. 4 pages. Rapids-Standard 
Co. 
—Circle ITEM 426 


High Speed Scale 
High speed commercial weighing 
is possible with the model 51 Exact 
Weight scale, described on data sheet. 
It is offered in 4-oz, 100-gram and 
1500-grain capacities. Specifications 
and design details are given. 1 page. 
Exact Weight Scale Co. 
—Cirnle ITEM 427 


Aluminum Extrusions 

Information on two 8000-ton extru- 
sion presses, their capacities and 
products they can produce, is found 
in illustrated booklet. Extrusion de- 
sign suggestions are covered. Hol- 


low and solid shapes up to 17 in. wide 
and 85 ft long can be made. Heavy 
press extrusions booklet has 24 
pages. Kaiser Aluminum & Chemical 
Sales, Inc. 

—Circle ITEM 428 


Stainless Steel Wire 
What Can You Do with Precision 
Stainless Steel Wire? is question 
asked and answered in _ illustrated 
form FWM. It describes and il- 
lustrates various applications for this 
product. Covered are filters, cabling, 
shielding, shock absorbers, instrument 
springs and flexible tubing. 4 pages. 
Fort Wayne Metals, Inc. 
—Circle ITEM 429 


Working High Speed Steels 
Expanded edition of the Blue Tech- 
nical Data Sheet on “Working of Tool 
and High Speed Steels” features 17 
charts giving cutting tool angles, cut- 
ting speeds, temperature ranges and 
guides. Heat treating, design, ma- 
chinability and other subjects are 
also treated. 16 pages. Allegheny 
Ludlum Steel Corp. 
—Circle ITEM 430 


Solid Film Lubrication 
Latest technical advances of Elec- 
trofilm solid film lubrication are de- 
tailed in illustrated brochure B-3. It 
inhibits fretting corrosion, prevents 
galling and seizing, lubricates under 
high loads and speeds, and functions 
well from —100 to 700° F. Electro- 
film, Inc. 
—Circle ITEM 431 


Precision Spindles 
Design and application data on a 
complete line of Super Precision 
spindles for grinding, boring, drilling, 
milling and work heads are presented 
in illustrated catalog No. 20. Types 
covered include belt drive, motorized 
and high frequency. Both standard 
and custom-built spindles are avail- 
able. 48 pages. Standard Electrical 
Tool Co. 
—Circle ITEM 432 


Limit Switches 
Seven models, 19 contact arrange- 
ments and 150 lever styles are but a 
few of the details of Loxswitch ma- 
chine tool limit switches given in il- 
lustrated catalog 955. Design fea- 
tures which contribute to long 
trouble-free life of switch are ex- 
plained. 12 pages. R. B. Denison 
Mfz. Co. 
—Circle ITEM 433 
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CAN HELP You! 








CHEMLON PRODUCTS MECHANICAL PACKINGS 
“John Crane” Chemlon offers the “John Crane’’ maintains nation- 
remarkable properties of DuPont wide service and engineering to 
Tefion in basic forms and parts supply mechanical packings for 
of all types for practically all every industrial requirement. 
applications. These range from Packings are available in all sizes, 
basic forms, such as sheet, rod, styles and materials to suit in- 
tubing and tape, to machined, dividual requirements and con- 
molded or extruded parts fabri- ditions. 


cated to specification. ” 
Use “John Crane” Packings for: handling all types of 


Use “John Crane” Chemion Products for: handling all liquids and vapors from water and steam to the most 
difficult acids, corrosives and solvents at temperatures destructive acids, alkalis and solvents . . . temperatures to 
from —120°F. to +500°F. . . . electronic insulation where 1200°F. and over . . . to meet your pressure requirements. 


high dielectric strength, high arc resistance and low 
power factor are vital . . . non-stick applications. 





LAPMASTER Lapping Machines 


Here's a machine capable 


MECHANICAL SEALS 


“John Crane" engineers sgals of 
all types and sizes for every ap- 
plication. Construction features 
include positive drive, self-align- 
ment to compensate for normal 
shaft run out and precision lapped 
sealing faces 


generating surfave flatness to less 

than one light band—finishes to 

2 RMS consistantly in short or 

high production runs ama 

chine that has given many de 

signers an opportunity to obtain 

product improvement and’ per- 

Use “John Crane” Seals for: all formance at lower cost 

types of rotating shaft applications such as water, steam, Use the "John Crane" Lapmaster for: precision lapping otf 
boiler feed water, petroleum products and hot oil, acids, 


parts for adding machines, engines, transmissions, cameras 
corrosives and solvents . over a wide temperature and 


and projectors, tool and die equipment, quartz crystals 
yressure range 
I 5 etc materials such as monel, steel, stellite, brass 


iluminum, glass, carbon, plastics and ceramics 






&* PLASTIC LEAD SEAL* AND THRED-GARD GET PULL DETAILS cn how John Crane 


can help you. Check the information you 





“John Crane’’* PLS easy-to-apply plastic sealing want, fill out and mail in this coupon. 
compound provides positive protection against p------- - - --- - & 
leakers under service applications up to 550°F., 1 (0 John Crane Teflon Products 


6000 psi. It lasts for the life of the connection, 
yet permits easy disassembly at any time be- 
cause it never hardens. 


| (J John Crane Mechanical Packings 
[1] John Crane Mechanical Seals 
([] Lapmaster Lapping Machines 
(] John Crane PLS 

(J John Crane Thred-Gard 





Use “John Crane” PLS for: handling water, 

steam, gas, petroleum products, chemicals and 
refrigerants...on pipe joints, threaded connections, plugs, 
screwed fittings, flanges and gaskets. 














“John Crane” Thred-Gard high temperature compound Name 
surfaces and fittings under extreme heat conditions up Title 
to 1200°F. It permits connections to be drawn to a c 
} greater degree of tightness without undue strain. cities 
Address. 





Use “John Crane” Thred-Gard for: preventing damage 
to studs on exhaust manifolds, cylinder heads, heat 
exchangers, coolers, condensers . . . flange bolts on 
pumps, valves, autoclaves, reactors, kettles . . . die 
casting dies and die casting machine fittings. 





Crane Packing Company, 6425 Oakton St., Morton Grove, Iil., 


| 
| 
| 
| 
| 
| 
| 
lubricates and prevents seizing and galling of threaded 
| 
| 
| 
| 
| 
| 
| 
l (Chicago Suburb). in Conoda: Crane Packing Co., Lid., Hamilton, Ont. 
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INDUSTRIAL PROGRESS 
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Craftsmanship of the 20th Century 





Today’s industrial designers face a dual chal- 
lenge in the race to outdistance competition. 


MONSANTO Their products must be more pleasing in ap- 



















pearance, more efficient in performance. 

Many of these designers are working closely 
with plastics engineers in the custom molding industry to achieve | 
both goals simultaneously. Read how one of America’s leading | 
manufacturers of air conditioning units improved sales in a 


fiercely contested market by utilizing the unique properties 
offered by plastic materials. 


New housings of Lustrex Styrene plastic 
are building business for Fresh’nd-Alre 








DESIGN OBJECTIVES. In creating a new line of air conditioning 
units, the management of the Fresh’nd-Aire Company, division of the 
Cory Corporation, Chicago, required an interior housing with many ad- 







vanced features. The new housing had to have sleek decorating styling to 
make it an outstandingly handsome piece of furniture. It had to incorpo- 
rate tight-fitting removable parts. It also had to be produced at reasonable 







cost. 










MATERIAL SPECIFICATION. Careful testing by 
Fresh’nd-Aire engineers proved that Lustrex high im- 






pact styrene offered the most desirable characteristics. 






A styrene housing could be economically produced with 






an attractive, soft-lustered, surtace-to-surface coloring 






in the specified shade. This eliminated six costly paint- 






ing and cementing operations. Injection molding tech- 






niques for high impact styrene freed designers from the 






restrictions of metal die-stamping machines. Modern 






smooth-flowing lines could be obtained. There was no 






danger of rust or corrosion deteriorating the housing. 






Furthermore, Lustrex high impact styrene provided a 






strong base for rivets, bolts and other anchoring devices. 






[his tough Monsanto styrene also demonstrated its abil- 






ity to hold critical dimensions. Parts like reversible vents 






and a front cover accessory panel could be removed and 






replaced repeatedly without the hazard of bending out 






of snug fit. 





PRODUCTION ENGINEERING. General American Transportation 
Corporation, Chicago, was commissioned to supply the styrene housing 
for Fresh’nd-Aire. Every design requirement was satisfactorily met by 
molding the component of Monsanto Lustrex Hi-Test 88, a rubber- 
modified high-impact styrene. The part is produced in a hydraulic 1500- 
ton press and contains 40 ounces of the Monsanto styrene material 


THE FINISHED PRODUCT. The new Fresh’nd-Aire unit has earned 
the hearty approval of both trade and public. Sales officials agree the 
change to styrene components has improved the marketability of the line. 


rhe interior housing and exclusive “Style-Gard” accessory panel have 
added vital style interest to the unit—and improved its performance. A Investigate the Monsanto completely- 
300% sales increase over last year is anticipated for the 1956 season. balanced line of styrene 


This is one of hundreds of design and production problems which have plastic compounds developed for 
been solved by utilizing the facilities of the plastics custom molding in- particular applications and sold 
dustry. These 20th Century craftsmen are available to manufacturers 

designing for greater efficiency and lower costs. As a major supplier of under the trade name... 

plastic resins, Monsanto is in a position to introduce you to custom 

molders who will put their skills to work for you. If you are considering 

a design change for your product line, be sure to investigate plastics. Write 


to Monsanto Chemical Company, Industrial Applications Dept., Room 


606, Springfield 2, Mass. Hynone Lbaitie 
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MONSANTO 


















While in 
Philadelphia 
for the 
DESIGN 
ENGINEERING 
SHOW 
call on us 
with your 
sealing 
problems 
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Automation now provides laboratory 
precision at mass production costs! 


LINEAR'’S exclusive ROTO-MOLD process has introduced automation to the packing 
industry: Perfectly uniform “O” Rings can now be delivered quickly—in any quantity! 
Here are the facts: 

e LINEAR ROTO-MOLD “O” Rings are made with laboratory precision in 
single cavity molds under individually controlled pressure. Molding dies 
are automatically brought into microscopic alignment. 

e Every ROTO-MOLD “O” Ring is perfectly circular in cross section, with no 
transverse or other seams. You get precise uniformity without trimming or 
grinding. 

e The ROTO-MOLD process is fully automatic. Contamination or imperfec- 


tions due to human error are eliminated. 


LINEAR ROTO-MOLD “O” Rings are available now, in a variety of sizes and com- 
pounds—including the latest polymers developed to resist destructive fluids at 
elevated temperatures. Write, phone or wire for complete details. 


“PERFECTLY ENGINEERED PACKINGS” 


LINEAR 


LINEAR Inc., State Rd. & Levick St., Philadelphia 35, Pa. 
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and Materials 


Use Yellow Card, page 19, to obtain more information 








Bearing Mounts 


incorporate eccentric locks 
and lubricant seals 


These new pillow-block and flange- 
style bearing mounts for antifric- 
tion bearings provide positive lub- 
ricant sealing, spherical outer 
rings, relubrication fittings and ec- 
centric locks. Pillow block, type 
SYH-X, has reduced center height 
to permit use where space is lim- 
ited. FY-X flange mounting is for 
application where bearing housing 
must be positioned at right angles 


& 





c 4 


to the shaft. Interchangeable with 
mounts of similar design, they are 
available in a range of load ca- 
pacities. SKF Industries Inc., 
Front St. and Erie Ave., Phila- 
delphia 32, Pa. 

—Circle ITEM 461 


Self-Locking Nut 


has reduced dimensions 
and high load capacity 


Designed for application where 
minimum wrench clearance exists, 
such as on the connecting rod 
shown, this type TEE2032 washer- 
face hex nut has overall dimen- 
sions no greater than those of a 
10-32 nut. It is C-1137 steel, plain 
finished, and is available in 14-28 
thread size. Load capacity is al- 
most 20 per cent higher than 
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standard 14-28 nuts; axial tensile 
strength reaches 5379 lb, minimum. 
Self-locking action is provided by 
the red nylon collar, which is not 
affected by immersion in oil at 
crankcase temperatures. Elastic 
Stop Nut Corp. of America, 2330 
Vauxhall Rd., Union, N. J. 

—Circle ITEM 462 





Adjustable-Speed Drive 


available with integral 
brake or gear reducer 


This adjustable-speed drive unit, 
in fractional-horsepower sizes, can 
now be supplied with an integral 
electromagnetic brake or an inte- 
gral speed reducer (shown). Brake 
torque ratings are 18 or 36 lb-in.; 





speed ratios on the gear reducers 
run from 5:1 to 100:1, depending 
on the drive power rating. Con- 
struction of the drive unit incor- 
porates a constant-speed induction 
motor, an eddy-current coupling 
and an electronic control, which 
stabilizes speed to +2 per cent at 
any point in the operating range. 
All drives have continuous con- 


stant-torque rating through a 25:1 
speed adjustment range. Eaton 
Mfg. Co., Dynamatic Div., Keno- 
sha, Wis. 

—Circle ITEM 463 


Rigid Plastic Pipe 


combines chemical resistance 
and high bursting strength 


Riviclor is a rigid, high-strength, 
unplasticized polyvinyl chloride 
pipe with impact strength as high 
as 2.5 (Izod). It resists the action 
of chemicals, electrolytic corrosion, 





fungus, bacteria, etc., and remains 
tough and nonbrittle at subzero 
temperatures. Inside surfaces are 
glossy smooth, minimizing head 
losses at high flow rates. Pipe 
and fittings are available in sizes 
from 1% to 2 in., standard or extra 
heavy. Working pressures are 490 
psi for the 14-in. size, 255 psi for 
the 2 in. pipe (extra-heavy con- 
struction). American Hard Rub- 
ber Co., 93 Worth St., New York 


13, X. =. 
—Circle ITEM 464 


Fine-Pitch Racks 


are cut to AGMA 
Precision 1 tolerances 


Type AG precision fine pitch racks 
are designed for use where rotary 
motion must be converted to 
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New Parts and Materials 








straight line motion with minimum 
loss. These racks are cut to AGMA 
Precision 1 tolerances and are 
available in 48, 64, 72 and 96 pitch, 
20 deg pressure angle, to run with 
PIC type G precision spur gears. 
Racks are stainless steel (clear 
passivated) and 24ST aluminum, 
chromic acid anodized. PIC Design 
Corp., 160 Atlantic Ave., Lynbrook, 
oe me 

—Circle ITEM 465 


Antibacklash Gears 


with clamp-type 
or solid hubs 


Pitch diameters of these antiback- 
lash gears range from 1 to 2 in.; 
pressure angles are 1414 or 20 deg. 
Diametral pitches run from 48 
through 120. Gear blanks are 
24ST aluminum (Alodined or 


* 


anodized), and hubs are 303 stain- 
less steel, clamp or solid type. 
Bore sizes available are 0.125, 
0.1875 and 0.250-in. Dynamic Gear 
Co. Inc., 20 Merrick Rd., Amity- 
ville, N. Y. 





—Circle ITEM 466 


Hex Nuts 


can be wrenched 
internally or externally 


Lightweight, stamped hex nuts are 
applicable for aircraft, guided mis- 
sile and electronic equipment. In- 
ternal wrench adapter is intended 
for use in limited space where 
there is insufficient clearance for 
external wrenching. The nuts can 
be applied closer to adjoining 
structure, and spotface diameters 
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and flange widths are reduced. 
They are approved under applic- 
able Air Force-Navy specifications 
and conform to Air Force-Navy 
standard drawings AN363, AN364 
and AN365. Sizes from No. 4-40 
through No. 5/16-24 are available. 
Kaynar Co., 830 E. Sixteenth St., 
Los Angeles 21, Calif. 

—Circle ITEM 467 


Shaded-Pole Motors 
rated 1/15 through 1/10 hp 





Addition to line of shaded-pole, to- 
tally enclosed motors is this mod- 
el, which is rated at 1/15 through 
1/10 hp. _ Sealed, recirculating 
lubrication system reduces service 
requirements in hard-to-reach lo- 
cations. Diameter of No. 39 frame 
is 514 in. General Electric Co., 
Specialty Component Motor Dept., 
1 River Rd., Schenectady 5, N. Y. 

—Circle ITEM 468 


Tube Fitting 


for temperatures from 
— 65 to 212 F 


Type 7000 Series Ermeto high- 
pressure SAE flareless, straight- 
thread hydraulic tube fitting ac- 
commodates minimum close coup- 
ling, positive seal and ease of as- 
sembly. Phosphate finish is resist- 
ant to nonflammable hydraulic 
fluids and petroleum base fluids. 
The finish reduces torque needed 
to preset or reset sleeve. Designed 
for use with the new SAE O-ring 
boss, the fitting withstands high 
operating pressures without the 
use of backup rings and operates 
at temperatures from —65 to 212 
F. The fitting is available in 31 
styles in sizes from \% to 2 in. 
Typical applications include use in 
machine tools, hydraulic presses, 





construction and excavating equip- 
ment, fluid power controlled mate- 
rials handling equipment, drilling 
and mining equipment. Weather- 
head Co., Ft. Wayne Div., 128 W. 
Washington Blvd., Ft. Wayne, Ind. 

—Circle ITEM 469 


Variable-Speed Motor 


for low-speed, 
high-torque service 


Takeoff shaft and motor are on 
the same side in this variable- 
speed, internally geared Varidrive 
motor assembly. Application is in 
low-speed, high-torque service 
where weight distribution and lim- 
ited installation space present 
problems. Designated types VEV- 
1-GD (double reduction) and VEV- 
1-GM (triple reduction), the units 
come in vertical or horizontal 
styles and in ratings to 5 hp. Mo- 
tors can be specified drip-proof, to- 
tally-enclosed or explosion-proof. 
Mechanical, remote or automatic 





controls are available. U. S. Elec- 
trical Motors Inc., Box 2058, Ter- 
minal Annex, Los Angeles 54, 


Calif. 
—Circle ITEM 470 


Automatic Transmission 


provides two-speed shift 
for small gasoline engines 


Operated by action of the accel- 
erator, this automatic two-speed 
transmission is designed for small 


MACHINE DESIGN 
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DYNAMATI[ SINGLE PACKAGE 


FRACTIONAL HP AJUSTO-SPEDE DRIVES 
Provide Stepless Adjustable Speed | ii | 


from an AC Power Source 






STANDARD 






WITH 
FRICTION BRAKE 


Sizes and Types 


for Hundreds of . WITH 
Industrial Applications 4 ——ttttt iri. SPEED REDUCER 


—— Ajusto-Spede® Drives, part of a family of diversified Ad ° r p 


eddy-current equipment, provide an economical solution to many 


adjustable speed drive problems. Al y f 
The Fractional Horsepower Ajusto-Spede, a single package design, 


combines an AC constant speed induction motor, eddy-current % Constant torque speed range: 25 to 1 


coupling, and electronic control. Standard modifications provide for with either 1600 RPM or 3200 RPM 
the addition of electrically operated fail safe friction brakes, or speed Ajusto-Spedes. 

reducers with numerous gear reduction ratios. * Control accuracy: 2 per cent of top 
Fractional Horsepower Ajusto-Spede Drive power is taken directly — at any point within the speed 


from 115/220 volt, single phase or 220/440 volt, 3 phase lines. 
Sizes are 4, 1, Y2 and 3% horsepower at 1600 RPM; 12, % and 
1 horsepower at 3200 RPM. 


* Minimum wiring to power line. 


* Remote “one knob” control operation 
up to 100 feet. 


Friction brakes for quick stopping or fast cycling operation are 4 Rugged plug-in type integral one- 


furnished in two capacities—1'/.2 and 3 pounds feet of torque. tube electronic control. 
Gear reductions with 10 ratios between 5-to-1 and 100-to-1 are sup- * Permanently sealed grease-packed 
plied with 1600 RPM Ajusto-Spedes. bearings. 


For more detailed information, write for your free copy of the 
Dynamatic Fractional Horsepower Ajusto-Spede Bulletin, FAS-5. 


EATON 


DYNAMATIC DIVISION 
MANUFACTURING COMPANY 
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ENGINEERS & DRAFTSMEN | New Parts 





work 
(0) ae 
gasoline engine powered vehicles, 


(on Oe 
om -_ — nuclear such as personnel carriers, garden 


and riding tractors, motor scoot- 
ers, etc. Shift from neutral to low 
; ' and from low to high is governed 
pioneer: by engine speed. Speed ratio in 
low is 50 per cent of engine speed; 
high ratio is 80 per cent of engine 
speed. Unit is adaptable to en- 
gines rated to 3 hp at 3600 rpm. 
Larger capacities or special ra- 
tios can be furnished on request. 
Electric Boat designed and built the Nautilus, the world’s Triune Products Co., 23350 Edward 
first atomic powered submarine. Soon the Seawolf will join | St» Dearborn 7, Mich. ' 
the Nautilus at sea. And EB has contracts for 3 more nuclear eae 
powered craft! Start now in the nuclear propulsion field— 
enjoy the challenge as well as the well-known Electric Boat High-Voltage Connectors 
benefits, educational program and pay. Draftsmen are 
currently working a 6-day week. 








are pressure tight 


Developed for altitude applications 






1. FLUID & NUCLEAR SYSTEMS—to engineer nuclear plant | where electrical leads must be 
° . design of pressurized water reactor systems, develop heat . : " 
immediate transfer and flow calculations. Minimum 2 years power or | pressure tight, these high voltage 
i chemical plant experience. Fluid system analysis experience | connectors leak less than 1 cu in. 
desirable. ° . 
openings a of air per hr when subjected to 


2. POWER PLANT SYSTEMS—to engineer steam propulsion ‘ . . 
for: plant systems, prepare system diagrams and descriptions, 30 psi pressure differentials. They 
. 


perform heat balance and thermodynamic calculations. have either two or three contacts 
Instrumentation system experience desirable. . 

g for AN24 shells. Inserts 
3. PIPE STRESS—experienced in practical and theoretical designed 


applications of power plant piping. Routine calculating not ? 


esr De 


are mineral-filled Melamine, and 







required. Experience required in analysis of complex piping 


MECHANICAL zener 


4. HYDRAULIC — 3 to 5 years experience in hydraulic systems 


ENGINEERS up to 3000 PSI, including selection and sizing of components. 
5 





3 to 5 years experience in component design including 
stress analysis, linkage and gear trains. Component selec- 
tion and specification experience desirable. 
6. 3 to 5 years experience in vibration and dynamic stress | 





analysis on rotating components. 








PIPING —2 to 3 years experience in design of air, water, contacts—which are nonrotating— 
ventilation, hydraulic or fuel oil systems. Marine or chem- ais . 
ical process experience preferred. are removable for wiring. Dejur- 
DRAFTSMEN MECHANICAL —2 to 3 years experience in design of hy- | Amsco Corp., Electronic Sales Div., 
draulic components, gear and link mechanisms, castings, | y - 
weldments and special valves. 45-01 Northern Blvd., Long Island 
STRUCTURAL— For design and detail of structures and City, N. Y. 
foundations associated with nuclear powered submarines. —Circle ITEM 472 










Find out now all the other plusses Electric Boat offers you. Solenoid Valve 
Send a complete resume, including salary requirements, to 
Peter Carpenter. Convenient interviews will be arranged. 






has only two 
moving parts 


Two-way direct solenoid controlled 
ELECTR ic BOAT valve utilizes in-line construction 










Division of GENERAL DYNAMICS CORPORATION so that all control parts can be 
GROTON ® CONNECTICUT removed easily in one assembly, 
(near New Lonaon on the Connecticut shore) . , , a . 
« * without disturbing piping. Primar- 
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e seat for fire plug 


Porous sand-cast part 
caused non-detectable 
leaks in ait and flvi 
system tests. Switch to 
fine-grained brass forg- 
ing stoppe 
iections, scroPy 
vedeeed- Closer toler 
ances and better appear 
ance achieved by using 


brass forging- 


d-cast pegs bent 

easily, causing veg 
fire plug operation. yo 
line pressure could no 

be maintained. — 
ing often uncovere 

blow-holes causing re 
Switched to brass 
higher 
ucture, 


educed 


San 


d trouble. Re- 
costs all 


jects. 
forging for 
strength, dense str 


closer tolerances, ° 


over-all costs. 







er box 












water meter lid and regist 





smission 


Lid converted from sand 


i forging- 
sr casting to png ee — 
i r 
Register box ; 
t part cause . vo 
a i casting to reagan tee 
eogeies casting. pone oe a 
¢ eatly on BO 
itting tower - 


i costs. 
- lowering 
tolerances after change 


eliminated costly machin- 


ing on the box. 


Porosity and blow 
in sand- 
“high standin 
loss of power 
to TV transm 
through base on en 
cable. This required tear- 
ing down whole og 
bly ot considerable cost. 
Switch to dense, oe 
forging eliminated rejects 
and power leakage- 


Titan brass forgings are more easily drilled, 
tapped, broached and milled than are sand cast- 
ings. Fewer machining rejects result. Forgings 
are hot-pressed quickly, are denser, tougher and 
stronger. Moreover, brass forgings have a 
smooth beauty and warmth not obtainable in 

‘ sand castings. Scrap is reduced. Some machining 
Pings. f ( i operations necessary on sand castings are ac- 
‘ t tually eliminated by switching to accurate- 

\ rom sail CaS Ings dimensioned forgings. Getting down to brass 

tacks, what this means to you is lower costs and 
a better product by switching to Titan hot- 


Ry t b : pressed brass forgings. 
d 0 rass forgings Send us a sample, drawing, and production 


quantities of sand-cast assembly parts you now 
use. We'll quote you on changing to brass 
j forgings. 
rt If you want more data on Titan brass forg- 
R ings, send coupon below: 


Titan Metal Manufacturing Co., Bellefonte, Pa. 

Gentlemen: 

C) Will send sand-cast part ond details for you to quote as brass 
forging 

C) Please send further data on Titan brass forgings 

C) Have Titan representative call 

Name *~ SS, ee Se ee 


Company 


METAL MANUFACTURING COMPANY Address 


Bellefonte, Pa. Offices and Agencies in Principal Cities 





—_————_ — 8 Store 








Gardner-Denver... Serving the World’s Basic Industries 


Rugged outer construction protects precision inner 
workings of Keller Tool 70A Axial Piston Air Motor. 





Inside information tells why 
Keller Tool air motor stars on tough assignments 


Compact Design— Axial piston motor provides high torque 
and horsepower characteristics within compact dimensions. 
No external spindle support needed—Generous size ball 
bearings safely accommodate heavy overhung load on spindle. 
Face mounting— Three tapped holes assure positive mount 
without strapping. You position air connections for clean 
piping design. 
Defy dust and corrosion—Enclosed construction permits 
use in contaminated environment. Motor withstands ex- 
posure to heat. 
Operating characteristics—Instantaneous starts and stops 
. infinitely variable speed in either direction . . . non- 
sparking . . . cannot burn out when stalled . . . high torque 
at low speed . . . consistent stall torque, variable through air 
pressure regulation . . . efficient operation at high or low air 
pressure. 
Send for Bulletin 70 today! It gives detailed specifications, 
dimensions and performance charts on 12 models of the Keller 
Tool Axial Piston Air Motor ranging from 0.6 to 2.7 h.p. 


ER -D, 
&) < 


Other air motor favorites... 


Ke'ler Tool 1 h.p. Rotary 
Vane Air Motors. 
Bulletin 71. Q 





Gardner-Denver 
Five-Cylinder Radial 
Air Motors from 3 
to 16 h.p. Bulletin 
AM-1. 


GARDNER - DENVER 


KELLER TOOL division, Grand Haven, Michigan 
THE QUALITY LEADER IN COMPRESSORS, PUMPS, ROCK DRILLS AND AIR TOOLS 


FOR CONSTRUCTION, MINING, PETROLEUM AND GENERAL INDUSTRY 
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New Parts 





ily for ac applications (pressure 
or vacuum), this normally-closed 
valve is available in standard pipe 
sizes from 14 through 2 in. Its 
two moving parts assure positive, 
high-speed action with short 


plunger travel. Completely noncor- 
rosive, it can be controlled by a 
microswitch, 


relay or can be 





mounted in any position and op- 
erated continuously without harm 
to the valve or the solenoid. Air- 
matic Valve Inc., 7317 Associate 
Ave., Cleveland 9, O. 

—Circle ITEM 473 


Teflon Tape 
is 0.0005-in. thick 


This Teflon tape has many appli- 
cations in capacitors, transformers, 
and for wrapped and _ sintered 
wires and cables. Thickness of 
0.0005-in. provides adequate dielec- 
tric strength with less Teflon area. 
The tape is supplied in continuous 
rolls with a minimum of splices. 
Widths from % to 12 in. are 
wrapped to 6 in. OD on 1% in. 
diameter spools. Enflo Corp., Route 
38 at Airport Circle, Pennsauken, 
N. J. 

—Circle ITEM 474 


Line Filters 


for valves handling 
small flows 


Micron-Filter brass and stainless 
steel line filters have a replaceable 
bronze filter element which filters 
out particles larger than 5 to 12 
mu. The units are used in conjunc- 
tion with valves handling small 
flows where foreign dust or par- 
ticles in the fluid stream tend to 
clog the throat, change the effec- 


May 31, 1956 











CLEVELAND 


a 


ECRICKGO 


CAMBRIDGE 


i 


HILLSIDE, N. J. 


DETROIT 





A call to any one of our seven warehouses will get you 
speedy service on your order... whether it’s for alloy steel 
bars, billets or forgings, in any size, shape or treatment 
you need, 


All seven warehouses are located in principal industrial 
areas. Each is modern and well-stocked, and staffed by 
expert metallurgists. 


Call now if you need our own HY-TENsteels — ‘‘the stand- 
ard steels of tomorrow’’, or standard AISI or SAE grades. 


Or write for free copies of Wheelock, Lovejoy Data 
Sheets. They contain complete technical information on 
grades, applications, physical properties, tests, heat 
treating, etc. 


In Canada: Sanderson- Newbould, Ltd., Montreal and Toronto 


WHEELOCK, LOVEJOY & company, INC. 
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133 Sidney Street, Cambridge 39, Massachusetts 











800 
700~ 
600- 
500- 


“400 


300- ~—— 


HORSEPOWER 


CENTER DISTANCE 
















8” 10” 12” 15” 


WE LEFT COMPETITIVE 
RATINGS OUT OF 


_ 4” 5” 6” a 


18” 


THE CHART PURPOSELY. . 


. because we think the load-carrying capacity of Cone-Drive 
speed reducers is pretty impressive all by itself. Then, we've 
also got a lot of friends in the worm gear speed reducer busi- 
ness. And they make pretty fair reducers themselves. 


Two things are responsible for the high capacity of Cone- 
Drive speed reducers. First, we use extra-heavy gears mounted 
on oversize taper roller bearings in reinforced, heavy housings. 
Extra ‘beef’ alone accounts for part of our capacity. 


Even more important, however, is the Cone-Drive double- 
enveloping worm gear design. Here, we literally wrap worm 
and gear around each other to put % of all teeth in continuous 
full-depth contact. This results in spreading tooth contact over 
a greater area, reducing pressure on individual teeth, increas- 
ing load capacity and life of the gearing. 


Ask for Bulletin 600C without obligation. 


@... Dasve G s 


es 
AVUALON, Michigan Tool Comyaccony 


7171 E. MeMichels Reed + Detroit 12, Michiges 





DOUBLE ENVELOPING GEAR SETS & SPEED REDUCERS 
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tive opening or obstruct full clos- 
ing of the valve. They are avail- 
able in female pipe sizes of 14 and 
\,-in. NPT. Hoke Inc., 191 S. 
Dean St., Englewood, N. J. 

—Circle ITEM 475 


Subfractional Motor 


has output rating 
of 1/75-hp 


Sub-fractional straight motor, des- 
ignated VKM-14, has a 60-cycle, 
115 v input. Motor speed is 3200 
rpm, based on 3.5 MFD capacitor; 
output rating, 1/75-hp. Permissible 
duty, 20 per cent duty cycle, 3 
minutes maximum continuous run- 
ing time. Wiring is either 3 wire 
unidirectional or 4 wire reversing 





type. Motor shaft measures 5/16- 
in. maximum OD in any length. 
Weight of the unit is 2 lb 6 oz. 
Janette Electric Mfg. Co., Small 
Motor Div., Lehigh and Main S&t., 


Morton Grove, III. 
—Circle ITEM 476 


Retaining Rings 


in variety of materials 
and finishes 


Available in three series for in- 
ternal and external applications, 
these retaining rings are supplied 
in carbon spring steel, stainless 
steel, phosphor bronze and beryl- 
lium copper. Finishes include oil 
dip, black oxide, nickel plating, 
Parkolac-black, and cadmium or 
zine plating. Internal series 3000 
rings are manufactured in 37 sizes 


MACHINE DESIGN 
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: 


WIDE LINE OF 


YDRAULIC CONTROL VALVES 


| 
mate’ | 


open, ae 
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RELIEF VALVES 





REDUCING VALVES 





FLOW CONTROL 


EXACT VALVE ACT 10N REQUIRED 
‘WITH FEWER VALVES AT LOWER 








BY-PASS VALVES (for sequence 
and unloading applications) 








PIPE SIZES: 4” 


OPERATING PRESSURES: 
2000 P.S.1.—3000 P.S.1.—5000 P.S.L 


MOUNTING TYPES: CONNECTIONS IN 


THRU 2” 


MODELS FOR 


BODY, SUB-PLATE MOUNTING, FLANGED 


CONNECTIONS 





BY-PASS and CHECK VALVES 
(for counterbalance and sequence 
applications) 





REDUCING and 
CHECK VALVES 





SOLENOID CONTROLLED 
PILOT OPERATED VALVES 


PRODUCTS CoO. 


MANCHESTER, MICHIGAN 


DIRECT SOLENOID VALVES 


Mouble A- 


VALVES 


WRITE FOR NEW FULL LINE CATALOG 
4 OR CONTACT YOUR LOCAL REPRESENTATIVE 
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CALIFORNIA 
The Rucker Co. 
Oak!and-Olympic 3-522 
Los Angeles-Kimball $271 
COLORADO 
Alta Engineering Co. 
Denver-Empire 6-3557 
CONNECTICUT 
The Airoyal Company 
Hamden—Chestnut 8-2224 
GEORGIA 
J. A. Postetl 
Atlanta-Trinity 4-867! 
ILLINOIS 
Ranney Engineering Co. 
Chicago-Portsmouth 7-4969 
INDIANA 
TEC Engineering Corp. 
Indianapolis-Walnut 
Loganport-3305 
Muncie 2-7735 


3-8538 


KENTUCKY 
Scott Industrial Equip. Co. 
Louisville-Clay 2238 


LOUISIANA 
Sintes Sa'es Engineers 
New Orleans-Canal 2882 


MARYLAND 


Colliflower, Inc. 
Ellicott City-87! 


MASSACHUSETTS 
The James Stewart Company 
Amhorst-1320 
Brookline-Beaeon 2-8989 


rs 
J. N. Fauver Co., 
Dotroit-Temple 2. 418 
Flint-Cedar 5-5392 
Grand Rapids 5-1247 
Kalamazoo—21684 


MINNESOTA 


H. U. Rogness, Inc 
Minneapolis- Federal 3-5595 


MISSOURI 


Lynn Elliott Co. 

Kansas City-Victor 2197 
Osear E. Jost Co. 

St. Louis-Harrison 8-4488 


NEW JERSEY 


The a wt Company 
=e “Orange 2. 1701 


Trenton- Export 3-5350 
NEW YORK 


The Aires Company 
New York- Cortland 7-9614 
R. C. Neal Co., Inc. 
Buffalo- Mohawk 1110 
Elmira Heights-5168 
Rochester-Glenwood 9390 
Syracuse-75-9911 


OHIO 


Lax Industrial Products, Inc. 


Cleveland-Wyoming |- 7700 


Hydraulic Power Equipment Co. 


North Lima-Kimball 9-3717 
Scott Equipment Comseny 
Cincinnati-Main 0 
} om ty 1-4697 
Dayton-Kenmore 1146 
J._N. Fauver Co., Inc. 
Toledo-Waterville 3598 
OKLAHOMA 


Leo Johns Co. 
Tulsa-Madison 6-3618 


PENNSYLVANIA 


a > tnductrias Supply 
rie ' 
The Battersb Corp. 

Phila. (Abington) 

Turner 4-6050 
Weinman Pump & Supply Co. 
Pittsburgh- Walnut 1-7705 





TEXAS 
Womack Machine we Soe, Co. 
Dallas-F leetw: 
Lynn Elliott 
Houston-Charter 4715 


VIRGINIA 


Cardwell Machine Co. 
Richmond 7-2985 


WASHINGTON 
The Rucker Co., Seattle 
WISCONSIN 
C. L. Thompson 
Milwaukee-Hilitep 4-4817 
OUTSIDE 


CONTINENTAL 
U. S. CONTACT 


joterngtoned Sares Division 
New York Airbrak 


e Company 
New York, New York 
Phone: Worth 4-3580 





May 531, 1856 


—ITEM 626— 


For More Information Circle Item Number on Yellow Card—page 19 


161 








(Advertisement) 








USING BERYLLIUM COPPER TO DESIGN 
A VIBRATION MOUNT THAT HAS 
A DAMPING EFFICIENCY OF 95% 














SOURCE: K. W. Johnson, former chief engineer of the Mechanical Section, Wright Air 
Development Center, and president of K. W. Johnson & Company, Dayton, Ohio 


Objective: 


To obtain an all-weather, all-altitude 
metal mount which will provide maxi- 
mum damping and stability for electronic 
instruments in shock conditions up to 
30 g, and in-flight vibration conditions 
through the range of 1-500 cps. 


Metal Requirements: 


In addition to the stringent load require- 
ments, the metal used must pass test 
conditions of temperature differentials 
ranging from —65°C. to +200°C., high 
salt spray concentrations, extreme 
humidity, and long storage. It must 
have excellent fatigue life and metallic 
compatibility. 


Procedure: 

A convexed spring is fabricated of 
beryllium copper wire cloth, formed and 
cut on a punch press, then heat treated. 
Two of these discs are fastened together 
back-to-back with the convex surfaces 
facing each other. A circular coil spring 
is fitted around the assembly in the “V” 
made by the joining of the discs. 

The concave-convex beryllium copper 
assembly absorbs the shock in a vertical 
and radial pattern. This spring alone 
would produce a bouncing action, caus- 
ing the unit to move in uncontrolled 
prolonged cycling. To regulate this effect, 
the motion of the beryllium copper 
spring is resisted by the friction of the 
coil spring against the convex surface of 
the concave-convex spring. It cushions 
the downward action as it expands, and 
contracts to level the upward surge. 
The end result is a double damping 





Forming and cutting the concave-convex spring 
from “BERYLCO” brand +25 wire cloth. 
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The mount uses a double reacting spring arrangement—a beryllium copper concave- 
convex spring and a circular coil spring provide a damping efficiency up to 95%. 


system where the coil spring moderates 
the concave-convex system, and, at the 
same time, is damped by it. Conse- 
quently, magnification at resonance is 
controlled on the order of 1.5. 


Test Results: 
In the 50-hour salt test, stainless steel 
cloth failed completely—the stainless 
convexed springs could be broken apart 
and disintegrated by handling. A shift 
was made to “BERYLCO” #25 beryl- 
lium copper alloy to obtain a cloth 
which had superior spring characteristics 
over stainless, and gave much greater 
fatigue life. The beryllium copper spring 
holds up without failure or setting 
tendencies, and it is unaffected by a 
salt atmosphere. It has proven to be 
over 200°;, better from a life and serv- 
ice standpoint. 

Many metals and alloys cannot be 
used together in applications of this 


type because they are inducive to an 
electrolytic action. Localized corrosion 
resulting from a coupling of dissimilar 
metals does not occur in this mount, 
because beryllium copper is compatible 
with the other alloys which are used. 


Summary 


“Beryllium copper is the heart of our 
vibration control unit,” asserts K. W. 
Johnson, president of the K. W. Johnson 
Company. “It has given us the qualities 
of high strength, resistance to temper- 
ature extremes and severe shock, 
increased fatigue life, and eliminated 
the danger of corrosion. Without it, 
we could not have passed the service 
qualification test.” 

A technical bulletin (+33), with spe- 
cific details on the design and use of 
beryllium copper in the Johnson Metal 
Mounts, is available on request without 
charge. Write to 


THE BERYLLIUM CORPORATION «¢ Reading, Pennsylvania 
“BERYLCO” Brand Beryllium Copper Is Shelf-Stocked 
by Leading Warehouse Distributors 
Export Department: Reading, Pennsylvania * Cable Address "BERYLCO” 
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RESEARCH AT WORK 
FOR YOU 


| | SANDUSKY 
for housings measuring 4% to 2 in. | 


kL 

diam. External rings, series 3100, | FERROUS AND NON-FER- 

come in 47 sizes for shafts from | 

a to 2 in. diam. Rings meet Na- | ROUS CENTRIFUGALLY 
tional Aircraft Standards. Indus- CAST ROLLS, SLEEVES, 

| trial Retaining Ring Co., 8 W. Sid- TUBES, LINERS, CHUTES, 


| 
ney Ave., Mount Vernon 33, N. Y. | RETORTS. RINGS. BUSH- 



















—Circle ITEM 477 
INGS, BEARINGS, ETC. 





| Ball Valve 


seals flow tightly 
in either direction 


Top-entry, twin-seal construction 
of this ball valve permits main- 
tenance without removal of the closely grained Sandusky centrifugal castings are 
essential to applications requiring maximus: strength 


Many concerns are discovering strong, uniform, 


valve from the line; flow shutoff 


is positive for either flow direction. and extreme resistance to heat, corrosion, and ab- 
Minimum turbulence is introduced rasion. Chief Sandusky continuous research is ever 
by the circular opening in the expanding the range of these uses. 

valve. Choice of valve bodies in This versatility and quality results from constant 
naval bronze, aluminum bronze and research and testing in our modern firm and inde- 


pendent laboratories. Vast foundry and field experi- 
ence also assists in supplying the proper castings for 


you. 


Excellent machining facilities for drilling, turning 
and boring are available. 








‘ Call or write Sandusky, the leading source 
of ferrous and non-ferrous centrifugal cast- 

aluminum permits use with wide ings. ALWAYS SPECIFY CHIEF SANDUSKY. 

variety of fluids. Seats are Buna- 

N, neoprene, natural rubber, Hy- 

palon or Teflon. Worcester Valve 

Co. Ine., 16 Parker St., Worcester, 

Mass. 


—Circle ITEM 478 C. M. Lovsted & Co., Seattle, Wash. @ Tynes Bros., Birmingham, 
Ala. @ Cordes Bros., San Francisco and Wilmington, Calif. 


Suited for use at flexible control- | Ef Bky. Chief S. AN. D USKY 
line ends or at intermediate posi- | EE yt CENTRIFUG A l C A STINGS 


tions, this clamp will accommodate 
FERROUS AND NON-FERROUS 


casing diameters from 3/16 to 


mao SANDUSKY FOUNDRY AND MACHINE CO., Sandusky, Ohio 


—ITEM 628— 
May 31, 1956 For More Information Circle Item Number on Yellow Card—page 19 163 


Casing Clamps 


for flexible casings 
' from 3/16 to 7/16-in. diam 
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PLANT ENGINEERING 

PRODUCTION and DESIGN 
mntincnmtimcechl | = Eo 

Copies! porate 

| | in Dep». Other | Dept. | Other | 

SIC | CLASSIFICA TION BY | Per- | Co. . |Mgrs. &/ Per- |Heads&| Per- 
| No. | BUSINESS & INDUSTRY | TOTAL | cent | Name | | Supts. | sonnel! Engrs. sonnel | 

19 | Ordnance & Accessories 122 16 | | 64 | a 
33 Primary Metal Industries 118 | | 5 | 37 | a 
34 | Fabricated Metal Products | 630 | 85 392 | 10 
Machinery (except electricol)} 12,202 | 44.88 Bw ; 1,186 | 7,349 465 


36 Electrical machinery, equip- | | | | | 
ment and supplies | 4,288 | 15.77 | | | 2,553 205 


37 Transportation equipment 

38 | instruments | 1,580] ser | 

39 | Miscellaneous Manufacturing | 137 | .50 
| 


75 
1 


ee 11.85 1,871 | 153 


73| Research ond Development 393 1.44 23 | 
82 | Education 2.16 | ! 
89 Consulting Engineers | 11.23 | | 70 
Government 179 
| All other SIC groups (none | 
exceeds Ys of 1% of 


__totel copie s) | 367 
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take the confusion out of 
circulation figures 


Circulation figures by themselves can get 
mighty confusing! 


But there’s a very useful tool developed by 
Uncle Sam, and used extensively by Penton, 
that takes a lot of the confusion and frustra- 
tion out of Media Selection. 


The Standard Industrial Classification System, 
better known as S.I.C., is the basis on which 
Penton publications report circulation and 
market statistics. This helps you do a more 
effective job of selecting media . . . and 
do it faster. 


It enables you to check circulation figures by 
uniform industry breakdowns. 


It pleases sales managers because many of 
them now classify their own sales in this way. 
They like the quick comparisons which they 
can make on Penton publications—a column 
of circulation figures showing total coverage of 
each S.!1.C. product category. Along side of it 
is a count of the number of establishments. 
From the Penton Market Data Files you can 
determine readily the number of the worth- 
while establishments you’re reaching. 


The ability to buy coverage in this modern 
way is just one of the extra values you get 
from Penton. 


the P EN TON 


Publishing Company 


PENTON BUILDING e CLEVELAND 13, OHIO 











YOU’LL DO BETTER 


witt UNITCASTINGS! 


We make no special claims to produce miracles with cast steel. Like 
competitive foundries, problems are similar . . equipment may differ 
slightly . . it’s the end performance of the casting that counts! 

A little extra surveillance in process pays off quality-wise. Customers 
receive better, cleaner castings . . meeting accepted specifications . . 
and end up with a lower finishing cost. Less scrap . . less re-work . 


and less lost production time amounts to more than incidentals! 


Standard carbon and low alloy steel castings, up to 150,000 psi 
tensile . . whatever your requirements, specify Unitcastings! 


JNITCAST CORPORATION © Toledo 9, Ohio 
In Canada: CANADIAN-UNITCAST STEEL, LTD., Sherbrooke, Quebec 











Unitcast 2 
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with two screws and will not 
swivel from its installed position. 
Construction is cadmium-plated 
steel, and the clamps are supplied 
either completely assembled or as 
separate stampings. They are not 


| 





recommended for use as tubing or 
electrical cable clamps. Arens Con- 
trols Inc., 2017 Greenleaf St., 
Evanston, IIl. 

—Circle ITEM 479 


Miniature Thermostat 


is factory preset for 
appliance control 


Series 201 Klixon miniature ther- 
mostat is designed for low-cost ap- 
plication in units such as table ap- 
pliances, percolators, heating ap- 
pliances and electronic equipment. 
It has factory preset temperature 
settings from 80 to 300 F, positive 
snap-action operation, and is en- 
closed for protection against dirt 
and lint. The disk can be exposed 
for faster thermal response where 


oe *s 
ee a 


€ 
\ 


necessary. For resistive loads only, 
the thermostat is rated at 10 amp 
110 v ac for 6000 operating cycles, 
5 amp 240 v ac for 50,000 cycles. 
Metals & Controls Corp., Spencer 
Thermostat Div., Attleboro, Mass. 

—Circle ITEM 480 


Lubricator 


distributes fine 
oil fog 


Micro-Fog lubricating unit auto- 
matically creates fine oil fog which 
is uniformly distributed through 
piping systems to multiple lubrica- 
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“17'S BETTER IF IT CONTAINS MOLY" 

















Moly carburizing steels with 0.5% Mo area 
natural for components like this automotive 
ring-gear and pinion. They have outstanding 
properties that suit them to the demands of 
gearing and similar applications, such as, 
superior case hardness, low distortion and 
good machinability. Many features of these 
new carburizing steels are discussed in a 
recent technical article. For a reprint, write 
Climax Molybdenum Company, 500 Fifth Ave- 
nue, New York 36, N. Y., Dept. 11. 


Molybdenum Carburizing Steels 


MOLYBDENUM OFFERS THE ECONOMICAL KEY TO PERFORMANCE 


Over the years, molybdenum carburizing steels have Production men know that moly steels are easy to 





proved their merits in scores of applications and at _heat treat, easy to machine. 


Management knows that moly steels mean economy 


| every level of production. 
, Design engineers know moly steels for their uniform _ in fabrication, high performance in a wide range of 


hardenability, toughness and wear resistance. end products. 






Standard molybdenum carburizing steels are widely available. Higher moly 
analyses may be ordered in heat lots from a number of leading suppliers. 


MOLYBDENUM 


Use the ®@ Wide choice of 
Moly Key 
CLIMAX MOLYBDENUM © °c: Ri Se 
carburizing @ Good machinability 


steels @ Good wear 
resistance 
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EFFECT OF GRAIN SIZE ON HIGH 
STRENGTH AND DUCTILE 


10.000 Hlours for Rupture 
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BEHAVIOR OF CHROMIUM STEELS OF DIFFERENT 


During Hydrogen-Sulfide Attack 
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0.07 ¢ 33 Mn, 0.020 S. 
0.019 P_ 1.00 Si, 16.96 Cr 


OF STEEL 


Heres 124 Pages of Valuable Dara 
On STAINLESS STEEL 


Stainless and heat resistant steel can usually be 
classed as a critical material, since it not only 
contains strategic alloys but is indispensable in 
many vital industrial and armament applications. 
It is always important, therefore, to make every 
pound go as far as possible. 

The latest edition of our comprehensive 124- 
page, case-bound Stainless Steel Handbook is 
ready for distribution now. It will help you to 
select the right stainless steel and to use it 
properly. Comprehensive listings of analysis, 


properties and characteristics of each type will 
guide you in specifying grades that will do your 
job most efficiently. Clear, concise fabrication 
data will help you speed production and cut waste. 

Your copy of the Stainless Steel Handbook 
will be sent—without charge—upon request. Our 
only stipulation: please make your request upon 
your company letterhead. @ Write Allegheny 
Ludlum Steel Corporation, Oliver Building, Pitts- 
burgh 22, Pa. 


ADDRESS DEPT. MD-771 


For Stainless Steel in ALL Forms—call ® 





~ Allegheny [udlum 


Warehouse stocks carried by all Ryerson Steel plants 
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tion points. The unit can lubri- 
cate up to 1000 bearing-inches. 
Automatic drain filter removes 
abrasive and corrosive air line con- 
taminants and drains collected 
liquids. A solenoid valve co-ordi- 
nates operation of the lubricator 


Ric a 


Nae 


re 
eS | 


with the operation of the machine. 
The lubricator measures 12 x 11 
x 9 in. It contains all controls 
and 2-gal oil reservoir which pro- 
vides oil for 12 hr lubrication at 
maximum output. C. A. Norgren 
Co., 3499 S. Elati, Englewood, Colo. 

—Circle ITEM 481 


Pilot Valves 


come in five 
different styles 


Line of compact, light-weight pilot 
valves includes hand, foot, palm- 
button, cam and solenoid operated 
types. Hand valve, shown here, 
is available in either locking or 
nonlocking models, and may be 
used singly or in series at work- 
ing pressures to 150 psi. Palm-but- 
ton type is especially suited for 
panel mounting. All valves are 





(Continued on Page 172) 
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MOLDED RUBBER & NYLON FABRIC 
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ACUSHNET PROCESS COMPANY 


NEW BEDFORD, MASSACHUSETTS 





-o+ Precision Molded RUBBER, SILICONES -“‘APCOTITE” BONDING 


Address all communications to 762 Belleville Ave., New Bedford, Mass. 
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what are 
your bearing 
requirements ? 


A different demand . . . or set of demands. . . is made of bearings in every 
different product. Chief considerations may be: minimum noise level . . . 
corrosion resistance ... low unit cost... wear resistance to oscillating or 
sliding motion . .. operation in presence of moisture . . . or others. When 
considering a sintered metal bearing for your product, it is essential that 
you obtain the correct alloy. The wide range of GRAMIX alloys, together 
with the long experience of our engineering staff in working with bearing 
applications, assures you of getting the best possible bearing for your 
product. 








THERE 1S A GRAMIX 


(A PRODUCT OF POWDER METALLURGY) 


FOR YOUR 





Certainly, there is such a thing as a “general purpose”’ 
sintered bearing alloy ... GRAMIX Grade 81 fills this role, 
and does it well. But there are also applications that demand 
special alloys, designed to do a specific job better. There is 
a wide range of GRAMIX alloys to meet every individual 


<p i design consideration. Properties of these alloys vary widely: 
tensile strengths range from 8,600 psi to 25,000 psi... 








elongations from 1% to 10%! Operating characteristics 
also vary. For example, under conditions where there is 
minimum lubrication, GRAMIX Grade 183 (copper, tin, 
lead, nickel) is recommenced. For heavy duty operation in 
a surplus of oil, GRAMIX Grade 307 (copper, tin, lead, 
carbon) is preferred. These few facts convey an idea of the 
wide design range of GRAMIX alloys. There is ove that 


exactly fits your product... 








THE UNITED STATES 
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| BEARING ALLOY 
DESIGN REQUIREMENTS 


ENGINEERING BULLETIN No. 18 


A NEW GRAMIX ENGINEERING BULLETIN TO HELP THE 
PRODUCT DESIGNER IN SPECIFYING SINTERED BEARINGS 








Product engineers who specify bearing materials will 
find Engineering Bulletin No. 18 of great help. It presents 
in concise form much of the knowledge we have accumu- 
lated since 1924, when GRAMIX was first produced. 
Design requirements, metallurgical considerations, and 
alloy selection are all discussed. A table of data on 
GRAMIX alloy composition and physical characteristics 


such as density, tensile strength, elongation, and radial 


GRAMIX, 
BEARINGS 





crushing strength is included. The section devoted to 
selecting the right GRAMIX alloy to fit greatly differing 
product requirements is an ideally simplified guide to 
this complex subject. Write for your copy of Engineering 
Bulletin No. 18 today. 











THE UNITED STATES GRAPHITE COMPANY 














GRAPHITE COMPANY 


DIVISION OF THE WICKES CORPORATION, SAGINAW, MICHIGAN 
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(Continued from Page 169) 


furnished with a variety of mount- 
@ eG © eP? ings, according to user’s specifica- 
tion. Mechanical Air Controls 


Inc., 10030 Capital, Oak Park, De- 
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Products that must be rugged and durable — like the 
important lawn maintenance machine below — are 
“naturals” for the application of malleable iron castings. 








This is an example of using malleable for a number of 


its advantages — sturdiness, uniformity, machinability, X-500 Acepot is a high tempera- 
| ture subminiature wire-wound po- 
tentiometer which operates in a 
temperature range of —55 to 150 
C. One-piece anodized case gives 
maximum heat dissipation. Resist- 
ance range is 200 to 250,000 ohms, 
+2 per cent; linearity is +0.3 per 
cent. The potentiometer has high 
resolution, is %%-in. in size and 
weighs 14-oz. It is available in 
threaded bushing, servo, flush- 
tapped hole or flange mountings in 
up to 6-gang units. It meets ap- 
plicable portions of JAN and MIL- 
E-5272A specifications. Ace Elec- 
tronics Associates, 103 Dover St., 

Somerville 44, Mass. 
—Circle ITEM 483 


economy and appearance. 

It pays you to find out how malleable foundry engineers 
can help you with ideas for cost-reducing and better 
design. Write to Malleable Founders’ Society for copies 
of “Malleable Iron Facts” and name of your nearest 


malleable foundry. 





Blower Wheels 


have rugged four-piece 
construction 


Product and parts photos 
by courtesy of 
Toro Mfg. Corp., 
Minneapolis. 


Stocked in sizes from 1 to 3 26/32 
in. diam, these L-R blower wheels 
can be furnished for clockwise or 
counterclockwise rotation. Material 
is plain or cadmium-plated steel or 









1800 Union Commerce Building Cleveland 14, Ohio VS >> 
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This trademark 
stands for the 
Mounting finest industrial 


Supports gears made 
Unit 


One base supports both speed reducer and motor in this simple, practical 
and foolproof mounting system...Now you can use standard N.E.M.A. motors 
and make change-overs in minutes — reducing both costly down-time and 


leatoh iol Mi lak stall iel am 


Line-O-Power motorized drive solves many old problems...and opens new 
tields of advanced design tor new applications. Available 1-75 H.P. for all Service 
Classes —Horizontal, Vertical, and Vertical Extended with Foot or Fiange mount- 


ing—Double or Triple Reduction units available in Ratios from 5.06:1 to 238:1. 


Write for your 
Line-O-Motor 


Catalog today 


Beller Power Traromussion Through Boller fear 


4545 S. WESTERN BLVD., CHICAGO 9, ILLINOIS 
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DRILLING 

































You can get components to meet exact- 
ing dimensional requirements with less 
machining and finishing than you 
may have thought possible. Here’s an 


example of how a switch to Durez 
phenolic—the engineering plastic 


saved a major portion of a compon- 
ent s Cost. 

This is an interchangeable plug 
terminal panel in Remington Rand's 
Univac "120" digital computer. Tem- 
perature and humidity affect Durez so 
little that 816 molded-in holes plus 34 


Ss. 
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DESIGNING WITH DUREZ 





henolic Plastics that fit the job 


DUREZ PLASTICS DIVISION 
HOOKER ELECTROCHEMICAL COMPANY 
506 Walick Road, North Tonawanda, N. Y. 


Rand Corporation 





BRUSHING 


ENDS 5 COSTLY 
OPERATIONS. ... 





ON UNIVAC* COMPUTER PANELS 


slots and precision-fitting edges in each 
8” x 10” panel conform to close toler- 
ances. Secondary drilling, milling, and 
grinding are eliminated, while brushing 
and varnish-dipping are unnecessary. 

Durez is noted for its electrical prop- 
erties, impact strength, and resistance 
to heat, moisture, and chemical action. 
It molds readily in complex forms of 
varying section, and metal inserts can be 
molded in. All these properties come 
in many combinations. Let them help 
to solve your problems. 


A HANDY NEW BOOKLET of technical information 


will be sent on request 


Ask for 


Facts on Phenolics.” 







o0KER 
HEMICALS 
&PLASTICS | 


—ITEM 636— 
For More Information Circle Item Number on Yellow Card—page 19 


New Parts 





aluminum (plain or anodized). 
Wheel hubs come in a range of 
standard diameters and have one 
or two set screws. Construction is 
simple and rugged, only four pieces 
being employed in each wheel. 
Ripley Co. Inc., Middletown, Conn. 

—Circle ITEM 484 


Plastic Bushing Caps 


snap into bushings, 
hubs and conduit ends 


These plastic bushing caps are 
easily installed with finger pres- 
sure, then assume their original 
shape and size to form a tight, pro- 
tective seal. They snap into con- 
duit bushings, insulated bushings, 
connector hubs and conduit ends. 





both rigid and EMT. The caps 
can be snapped into either met- 
al or plastic bushings. They 
are available in all conduit sizes 
from 14 to 2in. Thomas & Betts 
Co., Butler St., Elizabeth, N. J. 
—Circle ITEM 485 


Sleeve Valve 


controls single-acting 
air cylinders 


In-line sleeve-type valve which 
controls clamptype and _ similar 
single-acting air cylinders is actu- 
ated by a sliding sleeve. In down- 
stream position, air flows through 
to the cylinder; in upstream posi- 
tion, inlet air is cut off and ex- 
haust ports opened. An extension 
on the sleeve deflects exhaust air 
to protect the operator from air 
blast, blown chips or dirt. Avail- 
able in 1%, 14 and 3¢-in. NPT sizes, 
the valve may be mounted directly 


SS > 
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Stainless steel strips, in red, open 
the Feather Valve ports by rolling 
contact against the lower plate. 
There is no impact. 


. * 


This compressor valve works with no impact 
for longer life, best efficiency 


The Feather* Valve is the lightest, simplest, quietest compressor valve 
ever developed. Flexible strips of stainless steel open and close the valve ports 
with a gentle rolling contact. There is no destructive impact . . . even when the 
valve is operating as fast as forty times a second. 

This lack of impact assures long life and negligible maintenance. The valve 
itself is all but indestructible. Absence of buffer plates and cushioning devices 
give it extreme simplicity. 

The Feather Valve is quiet and reliable because of its lightness and tight 
contact seating. Valve action is very sharp. There is virtually no slip or back 
flow. As a result, you get minimum valve loss and use minimum power. 

To get the utmost in performance, be sure you specify Worthington when you 
buy your next compressor. Worthington Corporation, Harrison, N.J. —«.6.2 


WORTHINGTON 











T’S YOUR C.Q. 


‘COMPRESSOR QUOTIENT 











In-line or V-type—which is more efficient? In cer- 
tain fields, this is a hotly debated subject. In compres- 
sors, however, most authorities agree that the V-type 
design provides better balance, smoother running, and 
better cooling. Besides building only the more efficient 
V-type design, Worthington casts each cylinder sepa- 
rately from the crankcase. Air thus flows completely 
around the isolated cylinders, increasing efficiency and 








saving power dollars. 


Why is this connecting rod ‘‘aerodynamically”’ 
sound? This articulated connecting rod design assures 
smooth effortless operation, less bearing wear and longer 
life. It's used in all Worthington radial compressors 
because it lowers crankpin bearing pressure. One large 
bearing carries peak connecting rod loads which occur 
at successive intervals. It’s aerodynamically sound be- 
cause the design is also used in all modern radial air- 


craft engines. 


What important maintenance feature is he demon- 
strating? When a compressor is operating, valves open 
and close as many as thirty-three times a second. Valve 
maintenance is therefore of major concern to all users. 
Unlike many other makes which require replacement 
of the complete cylinder or head, all Worthington com- 
pressors are equipped with individually replaceable 
valves and valve guard seats. This is just one of the 
many Worthington features which save you time and 
mone\ 


PC. 6.4 


To increase your C. Q., write today for the complete story on Worthington’s line of standard 
compressors. Ask for bulletins H-630-B1 and H-605-B3C. Address Section PC64, Worthington 


Corporation, Harrison, N. J. In Canada: Worthington (Canada) 1955, Ltd., Toronto, Ont. 
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SPECIFY THESE WORTHINGION STANDARD PRODUCTS ON YOUR EQUIPMENT 


\ir Compressors «+ Pumps « Multi-V-Drives + Al!speed Drives 
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in the cylinder port or at any con- 
venient location in the airline. In- 
let connection is female, outlet, 
male. Valve body is solid stainless 
steel; sleeve is brass, with oil-re- 
sistant O-ring seals. Modernair 
Corp., 400 Preda St., San Leandro, 
Calif. 
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Miniature Resistors 


are 3-w, axial-lead units 





3 WATT SIZE 
9/16" x 1/4" 





ACTUAL SIZE 











These small power-type resistors 
(axial lead) are wire-wound with 
steatite cores and a vitreous-enam- 
21 coating. Because all parts are 
thermally balanced to expand and 
contract as a unit, the resistors 
stand up under high operating 
temperatures without loosening of 
terminals or cracking. Small size 
adapts them to use in printed cir- 
cuits, terminal-board and point-to- 
point wiring applications. Resist- 
ance values run from 1 to 10,000 
ohms in ratings from 3 to 10 w. 
Ohmite Mfg. Co., 3677 Howard St., 
Skokie, Il. 

—Circle ITEM 487 


0-Ring Lubricant 


is applicable at temperatures 
from —20 to 400 F 


O-Lube grease wrovides lubrica- 
tion without deteriorating effects 
for synthetic rubber O-rings and 
prevents dryness. The material is 
recommended for low-pressure 
pneumatic and vacuum systems, 
such as on exposed cylinder rods 
and valve plungers. It adheres 
well and has good water resistance. 
Temperature range is from —20 
to 400 F. Grease is applied to the 
O-ring and the metal surfaces over 
which it slides. Parker Appliance 
Co., Rubber Products Div., 17325 
Euclid Ave., Cleveland 12, O. 
—Circle ITEM 488 
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Norgren MICRO-FOG Lubricators 


for 32, 200, 300 and 1000 BEARING INCH REQUIREMENTS 


For Lubricating et . 


e Ways 
Drives 
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Chain 
slides 
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Model S$3406-8S 
1 quart oil capacity 


300 bearing inch capacity 


1 inch pipe size 


other M 


You can now choose a specially designed 
Norgren MICRO-FOG Lubricator that has the 
bearing inch capacity that will provide the 
most effective lubrication for any machine. 


Why Norgren MICRO-FOG 
Provides Better Lubrication 


1. Norgren MICRO-FOG automatically supplies 
just the right amount of oil for lubricating 


machine components—no more, no less. 


2. The advanced design of Norgren MICRO- 
FOG Lubricators makes possible complete 
machine tool lubrication with a minimum of 
air consumption. 


3. Norgren MICRO-FOG remains suspended in 
the air stream and can travel many times 
farther than oil fog from conventional lubri- 
cators, and can be uniformly distributed to 
multiple lubrication points. 


4. The delivery of Norgren MICRO-FOG to 
machine parts is precisely controlled. MICRO- 
FOG is delivered at a uniform rate regardless 
of the supply of oil in the reservoir. 


§. Air-borne Norgren MICRO-FOG maintains a 
lower operating temperature for high speed 
parts—reducing wear, improving perform- 
ance, increasing machine life. 


6. The slight air pressure in bearing or gear 
housings prevents entry of foreign material. 


7. 360° visibility of oil flow simplifies adjustment 
of oil feed rate, and provides visual assurance 
that the lubricator is operating. 











NorGREN MICRO-FOG Tecunique 


PRESSURE REGULATOR 
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PUTER 


BY AIR - OIL 
ATMOSPHERE 











3442 So. Elati, Englewood, Colo. 
PRESSURE REGULATORS « AIR LINE FILTERS « LUBRICATORS « AIR CONTROL VALVES 


MICR 
LWBRICATOR 


he FOG 


MICRO-FOG A*DRY” SUSPENSION 
OF EXTREMELY SMALL OIL PARTICLES 
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BEARINGS 
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RECLASSIFIERS 
(INCREASE PARTICLE 
SIZE TO" WET" OILFOG 
THAT LUBRICATES) 












vent 





MICRO -FOG 
PARTICLE SIZE 


00007874" OR LESS 





BEARING 








For complete information about Norgren 
MICRO-FOG Lubrication, phone your near- 
by Norgren Representative listed in your 
telephone directory—or 

WRITE FOR NEW NO. 700 CATALOG 
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20 yoae. 


OUTSTANDING 
PERFORMANCE 








have made Durakool Tilt-Switches and Timer- 
Relays the Recognized Standard of Industry. 


Now celebrating its 20th year, Durakool, Inc., is proud 
of the many records of achievement set by its mercury 
tilt-switches and timer relays 

The basic "Sealed under pressurized hydrogen’ principle 
has been proved on thousands of applications. So suc- 
cessful have they been that they are now the accepted 
standard of industry 























fe Milions of se * Trouble-free under 
or cycles without i 
faltering every practical 
temperature or 


*% Outlasts the sat ane 
: normal equipment humidity condition 


life * Low cost 










See telephone directory for local distributer, 
or write 


DURAKOOL INC. + ELKHART, IND., U.S.A. 


700 WESTON RD., TORONTO 9, CANADA 












beautifully fabricated 
cost cabinets and control panels 


























SMART ENGINEERING AND SKILLED FORMING 
techniques make the big difference in Littleford fab- 
ricated cabinets, cubicles and control panels. In ad- 
dition, you get prices far below your own fabricating 
costs, and deliveries to meet your production 
schedules. Hard to believe? Send us your blue- 
prints today for quotations and deliveries. Littleford 
Bros., inc., 424 E. Pearl St., Cincinnati 2, Ohio. 
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ENGINEERING 
DEPARTMENT 


EQUIPMENT 


Miniature Accelerometer 


weighs 1 oz, has 
dimensions of 34-in. cube 


Model A-8  variable-reluctance 
miniature accelerometer, developed 
primarily for flight-test applica- 
tions, weighs 1 oz and measures 
34-in. on an edge. Full-scale out- 


3 


+56 - 
€ ae 


put is 40 mv per v input; input 
voltage is 10v, nominal. Range 
full scale is +5 g to 300 g; nat- 
ural frequency is 200 cps on the 
low-range instrument, 1500 cps on 
the high-range unit. Small size 
and weight permits use where an 
appreciable load must not be 
placed on the member that is to 
be instrumented. It is not dam- 
aged by overloads of 500 per cent. 
North American Instruments Inc., 
2420 N. Lake Ave., Altadena, Calif. 
—Circle ITEM 489 


Thermistor Kits 


permit evaluation of 
versatile semiconductors 


Available in three kit sizes, these 
thermistor sets include representa- 
tive semiconductors in a wide range 
of resistances, temperature coeffi- 
cients and styles. Kits enable de- 
signers to investigate and evaluate 
these versatile ceramaic units in 
experimental circuits. Methods for 
designing thermistor temperature- 
correcting networks, performance 
curves, and other engineering in- 
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ROLLER CHAINS 


Trade <> Mark 





| WHEREVER POWER IS TRANSFERRED 


Diamond Roller Chains are in successful application Over 65 years of experience devoted to this one 


jon equipment of every kind—wherever power is _ product is at your disposal. For any application you 


jbeing transferred. have in mind, Diamond engineering staff can help 


Wherever goods are moved, conveyed, lifted— you with sound recommendations. 
\ 
wherever there is construction work, agricultural 


DIAMOND CHAIN COMPANY, Inc. § 
pperation, mining — wherever power is transmitted Where High Quality is Traditional & 


pr shafts driven in factory and mill—there you will Dept. 435, 402 Kentucky Ave., Indianapolis 7, Indiana Ay 
m. 


Offices and Distributors in All Principal Cities 


lind Diamond Dependable Power Transfer. =. q 


Wherever put to work, their universally acknowl- ee ee 


useful information 


tdged characteristics of high unif lity, reserve 4 

ged characteristics of high uniform quality, MOND > ROLLER 

itrength and long-life low-cost performance provide _& *): CHAINS 
Ng ‘, " 


ir product and output improvement. 





THE LATEST 
NEWS ON 
SIMPLIFYING 
DESIGN 


Versatile Vulcanized Fibre by National reduces cost 
of dies and molds and simplifies parts for fast 
assembly. 


Today’s big news in product design is simplification 
through the use of molded plastic parts. But molding 
may not be vour best answer. Formed fibre is often a 
cheaper—and better—solution! 


Look to National Vulcanized Fibre as an engineer- 
ing material with these advantages: 

Lower die or mold costs 

Excellent forming qualities 

Greater durability—toughness plus resilience 

Good heat resistance and dimensional stability 


Low material cost 


National Vulcanized Fibre and its unique combination 
of mechanical and electrical properties suit this light- 
weight, low-cost material to hundreds of difficult 
applications. And National’s generations of experience 
can always be tapped for answers to your problems. 

The typical examples on this page show what can 
result when our skilled technicians apply versatile 
vulcanized fibre to your particular job. Consult your 
nearest National representative about your current 
materials problem—or write Wilmington, Delaware, 


Dept. G-5. 


VULCANIZED FIBRE CO. 


WitMINGTON 99, DELAWAR 


gi NATIONAL 


In Canada: National Fibre Company of Canada, Ltd. + Toronto 3, Ont 
VULCANIZED FIBRE @ PHENOLITE LAMINATED PLASTIC e PEERLESS INSULATION 
KENNETT MATERIALS HANDLING RECEPTACLES e¢ VUL-COT WASTEBASKETS 
LESTERSHIRE TEXTILE BOBBINS « VULCOT PRODUCTS FOR THE HOME 
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John Macadam, one of National’s staff of applications engineers, dis- 
plays example of the forming versatility of vulcanized fibre. 


Drawn and formed in one oper- 
ation, the hip guard shown 
here possesses the resilience, 
toughness and shape retention 
that make vulcanized fibre the 
most used material for protec- 
tive athletic equipment. Chan- 
nel draw strengthens structure 
yet retains necessary spring. 
The piece is dipped, then 
baked with synthetic enamel 
for moisture protection and 


good appearance 


Punched, formed, scived and 
flared, this insulator compo- 
nent shows the successful solu- 
tion of a difficult problem— 
boxing a channel on all four 
sides. In fabricating, the blank 
of vulcanized fibre was first 
cut to contour, after which the 
ends were scived, then formed 
into a box section and flared. 
This combination of oper- 


ations makes the piece unusual. 


Formed and deep drawn to a 
depth of 7 inches, this welder’s 
helmet demonstrates the ex- 
treme workability of vulcan- 
ized fibre. Fabrication was by 
a single draw with an open 
bottom die—i.e., fibre was 
pulled in four different direc- 
tions. Drawing depth and 
radii curve are about the max- 


imum limit. 
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formation are furnished with the 

kits. Gulton Industries Inc., 212 

Durham Ave., Metuchen, N. J. 
—Circle ITEM 490 


Digital Ohmmeter 


displays 0.1 to 10 megohm 
resistances to fixe digits 





Model D050 digital ohmmeter, with 
five-digit display, has a range of 
0.1 ohm to 10 megohms, and is ac- 
curate to 0.01 per cent +1 digit, 
depending on the range. Measure- 
ments are made automatically and 
are presented on a digital inline 
read-out with 1 in. numerals. Av- 
erage read-out time is 1 sec; range 
switching is automatic. Measur- 
ing 7 x 19 x 16 in., the instru- 
ment is designed for rack mount- 
ing. Required operating power is 
115-v, 60-cycle, 50-w, ac. Electro 
Instruments Inc., 3749 Rosecrans 
St., San Diego 10, Calif. 

—Circle ITEM 491 


Reproduction Machine 


is completely self-contained 


Designed to provide “inside” repro- 
duction facilities for small engi- 
neering and architectural firms, 
model 300 table-top diazo repro- 
duction machine incorporates the 
following features: 30 in. printing 
width, maximum mechanical speed 
of 8 ft 10 in. per min, variable- 
speed drive, 1200 w quartz lamp, 


May 31, 1956 





AMSCOQ 


MANGANESE STEEL 


the toughest steel known for... 





PAU=j,97-0-110]))| 






Amsco Manganese Steel actually absorbs impact energy. Impact 
work-hardens the steel’s surface to as high as 550 BHN, while 
retaining high ductility beneath the hardened surface. This is a 
tough steel with the superior ability to resist abrasion. The more 
it is used, the harder and more polished the surface becomes. These 
are the characteristics of manganese steel that minimize wear 
and reduce the need for frequent lubrication. 

The slow crack propagation rate of the steel 
allows for an early discovery of impending 
failure, even at arctic temperatures. 








AUSTENITIC 
MANGANESE STEEL 





For a complete technical discussion of this high-strength 
“toughest steel known,”’ write for your free copy of 
booklet, Austenitic Manganese Steel, Amsco Division, 
Chicago Heights, Illinois. 
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“Brake Shoe 


PANY Chicago Heights, tt 


ARAS CO 


American Manganese Stee! Division 
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DESIGN-WISE... 


this simple 
pulley 


solves 
complicated problems 













































Compactness of H. T- lh Ostometic vari- 


able speed pulleys simplifies basic machine 
design in a vast range of applications. The 
exclusive design of cam followers on cams 
provides simple, positive pitch diameter set- 
ting control. Springs in HI-LO pulleys are 
not driving members as in most spring- 
loaded eys, but serve primarily to keep 
the pulley faces in contact with the belt. 
Belt wear is reduced to a minimum because 
the belt is never under any more tension 
than is required by the load. Free technical 
manuals with diagrams, descriptions of ap- 
plications and other power transmission data 
are available from: 


Equipment Engineering Company 


2855 Columbus Ave., Minneapolis, Minnesota 
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Another of the Reasons Behind Brad Foote Quality— 
-METALLOGRAPHY 


e The heat treatment a gear receives is probably the 
most important single factor in determining its long range 
wear characteristics. Here at BRAD FOOTE we pride our- 




















selves on having equipment designed to provide the 
widest possible variety of heat treatments. 

e But in addition to standard heat treating and testing 
equipment we have a few extra safeguards. One of these, 
rather unusual in our business, is a complete Metallographic 
laboratory. Specialized equipment allows us to examine | 
or photograph the grain structure of all of our metals, in 
order to determine the most effective methods of heat 
treatment and to serve as a check on the quality of finished 


work, 

e Metallographic examination is just one of the many 
reasons behind BRAD FOOTE quality. Prove to yourself the 
savings this extra quality can mean. Let us quote on the 
geor requirements for your next program, without obli- 
gation. BRav FOOTE MAKES ALL TYPES OF GEARS— 
IN A COMPLETE RANGE OF STYLES AND SIZES 






rm, BRAD FOOTE GEAR WORKS, INC. 


e Bishop 2-1 Dlympic 2-77 TWX 
AMERICAN GEAR & MFG. CO PITTSBURGH GEAR COMP 


Lemont, Iilinois « Phone Lemont 92 burgh 2 Phone SF 


ae" ANY 
subsidiaries ee 
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and 12 x 30 in. rear delivery tray. 
The machine is completely self-con- 
tained and operates on 115 v, 60 
eycle ac. No darkroom facilities 
or auxiliary equipment are re- 
quired. Exposure and development 
are automatically synchronized. 
Charles Bruning Co. Ine., 4700 
Montrose Ave., Chicago 41, IIl. 
—Circle ITEM 492 


Force Gage 


is accurate to 1 per cent 
in 50,000 Ib range 


Available in models for either com- 
pressive or tensile testing, this 
compact force gage has a war- 
ranted accuracy of 1 per cent of 
the indicated reading and a range 
of 0 to 50,000 lb. Tensile instru- 


| 


Pe 


¢, 


' 
« 


ment (illustrated) has eyes for 
insertion of clevises and a safety- 
stop bolt to prevent undue expan- 
sion of the open end of the gage. 
Accidental overloads beyond the 
gage’s normal 25 per cent safety 
factor merely cause the upper por- 
tion of the gage to come to a posi- 
tive stop against the bolt head. 
Compression model has recessed 
cup for seating a free-riding, hard- 
ened-steel ball to ensure vertical 
thrust. W. C. Dillon & Co. Inc., 
P. O. Box 3008, 14620 Keswick 
St., Van Nuys, Calif. 

—Circle ITEM 493 


Facing Page—ITEM 647— 








ti- 
thi 
di 














eon 


ONLY THE REVOLUTIONARY CENTURY ELECTROGRAPH OFFERS THESE FEATURES 


Permanent instantaneous oscillograms 
Eliminates need for messy liquid chemicals 
No darkroom required 

Automatic continuous dry processing 

View oscillogram while recording 





Century's engineers are the first to accomplish the 
long dreamed-for wedding of photographic re- 
cording and completely automatic dry processing 
to eliminate the need for costly darkroom facilities 
and liquid developing, rinsing and fixing. 

The greatest advancement in the technique of mul- 
ti-channel oscillograph recording in over 20 years, 


the CENTURY ELECTROGRAPH is essentially a 
direct-writing recording oscillograph utilizing the 





e(( 


: You rbshed For This / 





ELECTROPHOTOGRAPHIC 
RECORDING 
OSCILLOGRAPH 


Utilizes sensitive light-beam galvanometers 
Up to 24 traces on eight inch paper 

Traces can overlap 

Precision timing lines 

Low power consumption 


RADICALLY new technique of Electrophotography 
combined with light-beam galvanometers. 


NOW investigate CENTURY ELECTROGRAPH—the 
most modern approach to simplified oscillographic 
recording — when planning your instrumentation 
program whether for research, engineering, test, 
quality control, process control, or any other 
analog recording requirement. 


COSTS NO MORE THAN OLD-FASHIONED METHODS 





Gr Century Electronics & Instruments, Inc. 
a 1333 NO. UTICA, TULSA, OKAHOMA 


For further information, call on our nearest representative: 
EXPORT OFFICE: 149 BROADWAY, NEW YORK CITY —TEL.: BARCLAY 7-0562 
N.Y.-NEW ENGLAND AREA MIDWEST AREA TEXAS-N. M. AREA ARIZONA AREA 
29-46 NORTHERN BLVD. 363 W. FIRST ST. 5526 DYER ST. 3686 BAKER PL. 
LONG ISLAND CITY 1, N. Y. DAYTON 2, OHIO DALLAS, TEXAS TUCSON, ARIZONA 
TEL: STILLWELL 4-7120 TEL.: FULTON 9292 TEL.: EMERSON 6716 TEL.: 7-1501 










NO. CALIFORNIA 
2015 EL CAMINO REAL 
REDWOOD CITY 
TEL.: EMERSON 6-8214 


SO. CALIF. AREA 
40 SO. LOS ROBLES 
PASADENA 1, CAL. 
TEL.: RYAN 1-9663 


PHILA.-WASH. AREA 
4447 N. BODINE ST 
PHILADELPHIA 40, PA 
TEL: MICHIGAN 4-1822 














Computers 
Say Carbon 


Much of today’s material selection is per- 
formed by the digital computer. Tabula- 
tions of desired properties for a specific 
application are fed to these machines, and 
the material selected is most often — car- 
bon. The many versatile physical proper- 
ties of carbon make it excellent for a 
diversity of applications...to name a few: 


Good Electrical Conductivity — Carbon 
brushes and contacts, vacuum tube 
anodes, grid rectifier anodes, and welding 
products. 

Resistance to Corrosion — Bearings for 
use in acids; plating electrodes; pipe for 
handling chemicals; linings for acid tanks. 
Self-Lubricating — Carbon piston rings; 
dash pot plungers; nozzles; seals; orifices 
and inserts in metal bearing surfaces and 
brake shoes. 

No Deformation at High Temperatures 
Sintering boats, brazing boats and fix- 
tures; molds for powder metallurgy; dies 
for continuous casting; forms for metal to 
glass sealing. 

Resistance to Severe Thermal Shock — 
Liners for rocket nozzles, electric fur- 
naces; hearth and wall sections of blast 
furnaces. 


Easily Machined and Fabricated—Car- 
bon structural shapes—beams, blocks, 
plates and rods. 


Let the computer result be your guide and 
consider carbon for your specific application. 


Speer Carbon Company can provide practi- 
cally any product for your need, made to 
exacting specifications for shape, size, and 


composition. For information return coupon. 


3 
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———— lo =Car ' 

; : from American Society of Mechani- 

alent it Macca ‘ss W. — St., New © + 

: Please send information on carbon for ' York 18, N. Y., $1.00 per copy. pibsiloy 

: use in a : ELECTRICAL CONTACTS 

' Name ' This edition of B16.20 super- 

Title : sedes the revision dated 1955. The , 

+ Address a : 1956 version includes ring gaskets Phlanujachured by 

t Cit State | | used with 900-Ib ring-joint pipe- Gipson Etectric COMPANY 

‘ 2G80688COSCeeeeeseeeeeeeeoesee 8 line flanges In S1Zes 26 through 36 8355 Frankstown Avenue, Pittsburgh 21, Pa. 
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THE ENGINEER’S 


Library 


Recent Books 


Thermal Power from Nuclear Re- 
actors. By A. Stanley Thompson and 
Oliver E. Rodgers; 229 pages, 5% 
by 9, clothbound; published by John 
Wiley & Sons Inc., 440 Fourth Ave., 
New York 16, N. Y.; available from 
MACHINE DESIGN, $7.25 postpaid. 


This book contains an engineer- 
ing discussion of the application 
of nuclear reactors to the produc- 
tion of thermal power. Chapters 
cover the characteristics of physi- 
cal particles, reactor equations 
and critical mass, reactor kinetics, 
shielding of reactors, reactor ma- 
terials, thermal stress, power ex- 
traction from reactors and ther- 
mal power cycles. 


Mass-Transfer Operations. By Rob- 
ert E. Treybal, Professor of Chemi- 
cal Engineering, New York Univer- 
sity; 666 pages, 6 by 9 in., cloth- 
bound; published by McGraw-Hill 
Book Co. Inc., 330 West 42nd St., 
New York 36, N. Y.; available from 
MACHINE DESIGN, $9.50 postpaid. 


An introduction to the general 
subject of diffusion and the latest 
developments in the industrial ap- 
plications of mass-transfer opera- 
tions are included in this text. It 
covers the principles of equipment 
design, equipment operation, and 
fields of application. 


New Standards 


Ring-Joint Gaskets and Grooves 
for Steel Pipe Flanges, ASA B16.20- 
1955. 11 pages, 814 by 11 in., paper- 
bound; published by and available 
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@ EXPERIENCE 


Gibson’s engineering ability in de- 
veloping the right electrical con- 
tact for the right product is unex- 
celled . . . whether your product 
requires large or small contacts, or 
contacts of odd size or metal com- 
binations. 


@ SERVICE 


Gibson pledges to deliver electri- 
cal contacts of top quality, on time 
at a competitive price. 


@ COMPLETE LINE 


Gibson offers you a wide selection 
of electrical contact materials (in- 
cluding Gibsiloy powdered met- 
als), forms (including rivets, steel- 
backs, stampings, molded parts), 
and assemblies (either riveted, 
welded or brazed). 


® FLEXIBILITY 


Gibson’s round-the-clock produc- 
tion enables us to meet require- 
ments of every rush job. Consult 
us when developing new products 
or improving old ones. 


—————_ 


BSON 


Contact 


Gibson First 
= —— aa — 
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XUM 


You can make it faster and better 


with Harvey Aluminum 


EXTRUSIONS . . . For decorative 
as well as basic parts, custom- 
designed aluminum extrusions 
replace riveted and welded as- 
semblies ...simultaneously adds 
strength, simplifies fabrication. 


PRESS FORGINGS .. . Where 
parts must combine maximum 
strength with savings in weight, 
cost and manpower, Harvey 
aluminum forgings often com- 
pletely solve the problems en- 
countered by the designer. 


IMPACT EXTRUSIONS . . . Thin- 
walled, tubular structures can 
be produced by this method and 
held to very close tolerances. 
Machining is practically elimi- 
nated; scrap is greatly reduced. 


Harvey is a leading independent 
producer of aluminum extru- 
sions in all alloys and all sizes, 
Special extrusions, press forg- 
ings, hollow sections, structurals, 
rod and bar, forging stock, pipe, 
tube, impact extrusions, alumi- 
num screw machine products 
and related products. Also sim- 
ilar products in alloy steel and 
titanium on application. 


May 31, 1956 











FOR EVERYONE 


MAKING THE MOST OF ALUMINUM... 





luminum 
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STRUCTURALS ... High strength, light 
weight, workability, corrosion resist- 
ance. Aluminum extrusions combine 
all four...are ideal as basic load- 
bearing members. 


MACHINING STOCK . .. Harvey deep- 
drawn hex and round stock set a new 
mark in uniform grain structure—con- 
sistent from surface to core. This means 
fast, chatter-free cutting, long tool life, 
few rejects and true threads. 


t 


FORGING STOCK ... If you make your 
own forgings in quantity, Harvey ex- 
truded forging stock can save many 
intermediate steps. Custom-designed 
extrusions whose cross sections ap- 
proximate the forged blanks may be 
cut to length. 





EXTRUDED PIPE AND TUBE . . . Seamiess 
.. uniform in structure, size and shape 
.. clean and smooth inside and out... 

easily formed. Usable in applications 

ranging from portable irrigation sys 
tems to aircraft heat exchangers. 


i | 


DRAWN TUBE... Combines strength 
and high finish . . . ideal for TV anten- 
nas, furniture, and similar products. 
Cold drawn for structural uniformity 

.and the temper is specially con- 
trolled for good workability. 


BED 2s), © 


SCREW MACHINE PRODUCTS . he 
West's largest installation of caieae 
spindle screw machines can reduce 
your manufacturing costs. Harvey car- 
ries your job through from engineering 
to quality control. 


HARVEY ALUMINUM SALES, INC. 
TORRANCE, CALIFORNIA 
BRANCH OFFICES IN PRINCIPAL CITIES 
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Non-metallic material or parts for manu- 
facturing your product. “KARAK” is manu- 
factured in various combinations of graphite 
and carbon. To suit your requirements any 
combination of these materials can be im- 
pregnated. Bearings-rings- molds and 
cores - seals for liquids- air and grease 
pumps - Diesel engines - air compressors, 
etc., represent only a partial list of appli- 
cations. Day by day many needs are 
developing in industry where this type of 
material is found to be superior to mater- 
ials now being used. 


We welcome 

your inquiries! 
DESIGN WITH ° 
"KARAK" IN 


MIND 
Basic Manufacturers 


THE OHIO CARBON 


COMPANY 


12500 BEREA RD.. CLEVELAND 11, OHIO 
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The Engineer's Library 





in. proposed by the Manufacturers 
Standardization Society of the 
Valve and Fittings Industry. 


Association Publications 


Proceedings of the Second U. S. 
National Congress of Applied Me- 
chanics. 825 pages, 9 by 1114 inches, 
clothbound; published by and avail- 
able from American Society of Me- 
chanical Engineers, 29 West 39th St., 
New York 18, N. Y., $9.00 per copy. 


‘The ninety-nine papers in this 
book were presented at the meeting 
held in June 1954 under the spon- 
sorship of the U. S. National Com- 
mittee on Theoretical and Applied 
Mechanics. The articles are 
grouped under the headings (1) 
general methods, dynamics, vibra- 
tion and wave motion, (2) elastic- 
ity, shells, plates, elastic instabil- 
ity and structures, (3) plasticity, 
viscoelastic flow, failure and be- 
havior of materials, and (4) fluid 
flow, aerodynamics, heat transfer. 


Compilation of Chemical Composi- 
tions and Rupture Strengths of Super- 
Strength Alloys. 8 pages, 8% by 11 
inches, paperbound; published by and 
available from American Society for 
Testing Materials, 1916 Race St., 
Philadelphia 3, Pa.; 75c per copy. 


Designated ASTM Special Tech- 
nical Publication No. 170, this com- 
pilation lists the names, nominal 
chemical compositions, characteris- 
tic rupture strengths for rupture 
in 100 and 1000 hr, and patentees 
for approximately 100 domestic al- 
loys and 41 foreign alloys. The 
compilation does not include the 
conventional ferritic, martensitic, 
or austenitic stainless steels. 


Manufacturers’ Publications 


Physical Metallurgy and Heat 
Treatment of Titanium Alloys. 60 
pages, 6 by 9 in., clothbound; pub- 
lished by and available from Mallory- 
Sharon Titanium Corp., Niles, Ohio; 
$1.00 per copy. 


This book describes in detail the 
heat treatment of titanium alloys. 
It covers both the metallurgical 


Cou 





rtesy Taylor Instrument Companies 


LOOK NO FURTHER 
FOR QUALITY... 


This Taylor Recording 


Thermometer, +76JM117, is a 


recording 


one pen mercury actuated 
instrument which includes 


5 feet of BISHOP Accuratus* 
tubing. (Capillary lengths in 


Accus 


excess of 200-feet are not 
uncommon when the use of 
ratus* tubing is indicated) 
And why BISHOP capillary 


tubing? Because Taylor uses only 
the highest quality components 


in its instruments. 


The next time you need small 
diameter stainless steel tubing, 


look no further for quality 
tubing. BISHOP has it. 
Mechanical—Capillary— 
Hypodermic 


Seamless or Welded and Drawn 


(.008” to 1” O.D.) 
Also, investigate Bishop 


fabricated parts to save you 


time and money. 


Catalog and Prompt 
Quotations on Request 


- BISHOP & CO. 


(8): 
> PLATINUM WwoORKS 


Stainles 


*Trademark 
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s Steel Products Division 
Malvern, Pennsylvania 
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in an Economical, Compact, Lightweight, Quality Package 





AL-4 MICROMOTOR 


















ACTUAL 
SIZE 


ge 


Designed for a Wide Variety of Applications... 
or can be Tailor-Made for Specific Requirements 


Here is a motor designed and styled to meet the modern 
demands for motors that are smaller and lighter, and yet 
have increased output. It is ideal for heating, ventilating, 
air conditioning or refrigeration equipment, for appliance 
applications, and for business and vending machines, 
pumps, tape recorders, and dozens of other applications. 


The basic AL-4 is a 4-pole motor, 1550 r.p.m., 115 volts, 
60 cycles, available in odd voltages and frequencies. The 
normal horsepower range is 1/250th to 1/15th. It incor- 
porates two famous Redmond design features that have 
never before been available in a small diameter motor: 


1. The patented Redmond Tri-Flux® design that greatly 
increases starting and running torque and improves 
efficiency over conventional small diameter motors; 


2. The Uni-Cast® construction that gives a rigid, light- 
weight motor that can be manufactured to extremely 
close tolerances. 


oe eed wr SEND FOR COMPLETE PERFORMANCE DATA 


For the complete story on the 
new AL-4 motor—dimensions, 
performance, operational 
data, and suggested applica- 
tions—write for the “AL-4 
Bulletin.” 





ApvERTISED IY 
The Satur 





D 
day Evening 


pos 
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Because with Uni-Cast construction the stator core frame 
is precision die cast in one piece, the registers are machined 
concentric to the bore to extremely close tolerances. The 
exact bearing alignment and uniformity of air gap achieved 
with this precision manufacturing result in a motor that is 
whisper-quiet in operation and can be depended on to 
give years of trouble-free service. 

Casting the stator core frame in one piece not only makes 
the motor most rigid, but it is light in weight, as a very 
durable and lightweight metal is used. 

This modern motor can save money on a host of applica- 
tions. If you are looking for a motor in volume quantities, 
send for the literature described below. 


The Standard of De pendability 











COMPANY, INc. 
OWOSSO, MICHIGAN 






THE BIG NAME IN SMALL MOTORS 
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What 
center distance 
would you 


use? 





Maximum power transmission efficiency is obtained 
when the center distance, in each case, is correct. 


Center distances must be more than one half the diame- 
ter of both sprockets (otherwise the teeth would touch). 
Best results are obtained when a center distance of 30 to 
50 times the pitch of the chain is used. Eighty times the 
pitch is considered maximum. For pulsating drives, the 
center distance should be shortened to 20 to 30 times 
the pitch. Chain sag should be equivalent to approximately 
2% of the center distance. 














ACME ENGINEERS OFFER FREE ADVISORY SERVICE. 
Whatever the problem, Acme Chain Engineers are 
always willing to lend a hand. Call direct to Acme 
for sound advice or field assistance. 


FREE TEXT. Designers and engineers may write for 
a free copy of this 76 page chain text. It’s loaded 
with chain data, specifications, illustrations and 
facts you should know about chain applications. 
Write ACME CHAIN CORP., Dept. 6-E Holyoke, 
Mass. 


Write or 

Call JE 2-9458 

for immediate 
delivery or 
engineering service. 





HOLYOKE 
MASSACHUSETTS 
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theories and the practical heat 
treatments for annealing and hard- 
ening. Typical mechanical proper- 
ties which can be expected of com- 
mercial titanium alloys in various 
heat treated conditions are _ in- 
cluded. 


Casting Aluminum. 130 pages, 5% 
by 8% in., paperbound; published by 
Reynolds Metals Co.; available on 
company letterhead request from the 
publisher, Desk PR4810, 2500 South 
Third St., Louisville 1, Ky. 


This booklet is intended to help 
the designer select the casting 
process and aluminum alloys best 
suited to his products. Data on 
typical mechanical properties are 
presented. Brief discussions cover 
master alloys, hardeners, and the 
six main casting methods. 


Transistors I. 676 pages, 6 by 9 in. 
clothbound; published by RCA Lab- 
oratories, Princeton, N. J.; available 
from The RCA Review, David Sarn- 
off Research Center, Princeton, N. J.; 
$4.50 per copy in the U. S., $4.70 


elsewhere. 


This book is a selection of papers 
describing research and develop- 
ment work of RCA as it applies to 
the theory, fabrication and appli- 
cation of transistors. The papers 
are grouped in six sections: gen- 
eral, materials and _ techniques, 
devices, fluctuation noise, test and 
measurement equipment, and ap- 
plications. 


Government Publications 


A Survey of Domestic Electronic 
Digital Computing Systems, PBII1- 
996. By Martin H. Weik; 272 pages, 
814 by 11 in., p:perbound; published 
by Ballistic Research Laboratories 
Aberdeen Proving Ground, Md.; avail- 
able from Office of Technical Serv- 
ices, U.S. Dept. of Commerce, Wash- 
ington 25, D. C., $4.75 per copy. 


This report is a result of a sur- 
vey of 84 systems made in the U.S. 
Included for each system are gen- 
eral and detail descriptions, illus- 
trations, designs, applications and 
operating characteristics. 
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ICKERS 


NEW RESEARCH and 


ENGINEERING CENTER 


we STM > 


Offers Diverse Engineering 
Opportunities in Commercial 


and Military Hydraulics 





Phenomenal and continuing expansion in the use of oil hydraulics by an ever-increasing 
number of industries brought the need for this new Vickers 150,000 square foot 
building (in suburban Detroit) devoted primarily to research and engineering. 


Here is an abundance of opportunity for engineers at all levels to grow in professional 
stature and income. The range of opportunity is as wide as industry itself, because 
Vickers is a major supplier of hydraulic components in all the fields illustrated below. 
The continuity and stability of opportunity are assured by the increasing growth rate 
of hydraulic applications . . . both industrial and military. 


- go places with Vickers. 


Vickers is going places. . 























Plastic Molding Machines Metal Presses 











Typical applications of Vickers Hydraulics . . . components 
and complete systems with electronic or mechanical control 

- are shown above. Vickers has been supplying these (and 
many more) for a number of years... is not a newcomer in 
the field of hydraulics. Obviously, this extreme versatility 
offers challenging opportunities for engineers with a wide 
variety of talents and interests. For further information, get 
in touch with Mr. R. E. Barlow. Phone him at Liberty 9-1122 
or write him at: 


VICKERS INCORPORATED 


Trucks (all sizes) 


Textile Machinery 





Vickers has excellent opportunities also in these Divisions: 


Waterbury Division 


El Segundo Division 
Waterbury, Conn. 


El Segundo, Calif. 
Write or call Mr. J. R. Rea, 
ORegon 8-2503 


Write or call Mr. George Gillespie, 
Plaza 6-3681 


7484A 


Division of Sperry Rand Corporation 


Administrative and Engineering Center © Detroit 32, Mich. 


Engineers and Builders of Oil Hydraulic Equipment Since 1921 
—ITEM 655— 
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NEED 
RELAYS? 


SPECIFY 


Tale Mel) aslo] gma lels 
your relay dollar! 


Quality 
construction 





©] Speedy costs |, ) 
( | delivery \ 
Pick the size you N) 
U ® want... choose the — 
features you need... 


you'll find that an AEMCO relay will meet 
or exceed your specifications. Compact in 
design, dependable in performance, AEMCO 
relays ore manufactured with extreme care 
—the choice of more than 100 top names 
in American industry—and here are the 
reasons why: 


Lower cost— dve to modern pro- 
duction techniques and fresh, new 
engineering ideas. All AEMCO 
products are designed with short- 
cuts and specific production econ- 
omies in mind. 

































Top quolity — based on more than 
30 years experience. We'll work 
closely with your design engineers, 
ond we'll do it without red tape 
or confusion. 


Many standards—to choose from. 
AEMCO relays are available ina 
wide variety of spring and coil 
combinations, operating poten- 
tials, and contact ratings. Types 
include: open, can, plug-in base, 
hermetically sealed, midgets, dual- 
purpose, delayed make or break, 
circuit control, current, and poten- 
tial relays. 


Speedy prototype delivery— 
and quick tool up for produc- 
tion. Yes, at AEMCO we're selling 
service as well as design and 
manufacturing ability. 


For more information on the stand- 
ord AEMCO relay line, write for 
your free descriptive bulletin today! 







AUTOMATIC ELECTRIC MFG. CO. 
61 STATE ST. * MANKATO, MINNESOTA 
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Materials Handling 


Magnetic Vibratory Feeders: Hi- 
Vi electro-permanent magnetic vi- 
bratory feeders handle a variety of 
bulk materials from large pieces to 
fine powders. They operate directly 
on 115 or 230-v ac without a recti- 
fier. Remote control unit, equipped 
with a rheostat to vary the voltage 
across the unit, provides flexible 
control of the feed rate. Enclosed 
drive element combines an electro- 
magnet with an Alnico V perma- 
nent magnetic armature. This mag- 
netic system causes the material 
in the tray to move forward. Three 
standard models have the capacity 
to move 2, 4 or 10 tons of dry sand 
per hour in normal operation. 
Trays are available in a variety of 
shapes, and are made of 16-gage 
steel or 16-gage 304 stainless steel. 
Many units have weather and dust- 
resistant housings. Eriez Mfg. 
Co., Erie, Pa. 

Platen Conveyors: Conveymatic 
heavy-duty conveyors are avail- 
able in lengths up to 100 ft and 
can be lengthened in 10-ft mul- 
tiples. Standard models have 36, 
38 or 40-in. working heights; 12- 
in. steel platens, each providing a 
working area 12'% in. wide; 4000- 
lb chain pull; continuous variable 
speed range from 100 to 300 fph; 
overload cut-out clutch and push- 
button control panel which meets 
JIC standards. Either right or left 
hand offset drive is available. Visi- 
trol Engineering Co., Detroit. 


Metalworking 


Face Grinders: Improved Series 
UK traveling wheel face grinders 
perform precision grinding of long 
or bulky work pieces at 90 deg 
to the wheel face. The heavy-duty 
machines provide high horse- 
power for heavy stock removal and 
have a heavy carriage. The work 
piece is clamped in a stationary 
position and the grinding wheel 
passes over the surface to be 
ground. Stationary table permits 


NEW ... NEW! 


Gear-Grip 


Flexible Coupling 


The most revolutionary design advancement 
for integral H.P. in a century! 





Positive power 

transmission of rated 

load. Gear teeth on end castings 
match special rubber tube section. 


@ Load ranges—2'/2 H.P. to 25 H.P. 
© Shaft sizes—%4" to 17%". 


© Specified lengths to design 
requirements. 


Prevents end thrust. 

“By Eye" shaft alignment. 
No lubrication required. 
Shaft Safety features. 


Dyna-line . . . 


The finest flexible coupling in single unit 
construction — specifically designed for frac- 
tional H.P. 





ies 


5R aR 3R 2R ™R OR OoR 





@ True Flexibility and Torsional Resili- 
ence for quiet, load-plus power 
transmission without extreme de- 
flection or twist. 

© Lengths varied to design specifica- 
tions in each series. 

@ Load ranges—1/15 to 1/2 H.P. 

© Shaft sizes — 
3/16" to %". 

@ Lowest O.D. 
for highest 
torque capa- & 
city. 

Write fcr Catalogs and 

Technical Bulletins. 











PRODUCTS CORP. 


COUPLING DIVISION 


DEPT. P-56, 1215 E. SECOND ST. 
MICHIGAN CITY, INDIANA 
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if You Need Metal Enclosures + Save Time and Tooling with 


LINDSAY PREFABRICATED ASSEMBLIES 





LS SAVES ON— 


Vv DESIGNING 

Vv TOOLING 

v PROCUREMENT 
Vv FABRICATION 

Vv INVENTORY 

Vv WAREHOUSING 
v¥ MAN POWER 











ONLY 4 BASIC PARTS 
YET APPLICATIONS FOR LS PANEL ARE UNLIMITED 


Your production of attractive metal enclosures can be reduced 
to a simple assembly operation with Lindsay Structure—the 
patented method of using pre-tensed sheet metal panels in light 
structures of tremendous strength and rigidity. 








Lindsay prefabricated assemblies are tailored to your exact ; Mobile Laboratories 
needs from die-formed standardized Lindsay Structure compo- fae 
nents... fabricated in 78,085 panel sizes...available in mild ae 
steel, stainless steel, copper, or aluminum...shipped k/d for 


quick assembly with standard tools—no welding or riveting 
required. LS shipments can be scheduled to keep pace with your 
production needs. Fast service on pilot units. 





Lindsay Structure has almost unlimited applications—cabinets, 
housings, refrigerator buildings, processing rooms, dryers, towers, 
bodies for trucks, trailers, buses, etc. 














Put this versatile prefabricated structure to work for you... 
simplify designing, save on dies and tooling, conserve skilled 
man power. Write for descriptive folder or send single line 
drawing for prompt cost estimate. 





LS CONSTRUCTION UTILIZES GREAT STRENGTH OF 
LIGHT SHEET METAL 


This 24-gauge, 36-inch wide sheet 
under uniform tension has greater 
tensile strength than a 1-inch rod. By 
a strong, continuous and equalized 
gripping of the entire sheet, the Special Buildings 
weaknesses of rivet holes and welds 
in thin sheet metal are eliminated 
...diagonal gussets and struts are 


ena _ j made unnecessary. 


: L i ND SA sev una enim tat eas 
s STRUCTURE 


4 U.S. Patents 2017629, 2263510, 2263511 
U.S. and Foreign Patents and Patents Pending 

















Crash Trucks 
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GET THE SPEED YOU NEED 


by turning the lever 





PHILADELPHIA 


Standardized” 
Geared 
Selective Type 


These self-contained, compact all 
geored type change speed Units are 
available in 2, 3 and 4 speed changes, 
providing definite ratio of speed re- 
ducing, speed increasing (or a combi- 
nation of both). They were designed to 
fill industry's need for a very efficient, 
precision-built standardized line... to 
eliminate the high cost and delayed 
delivery of specially designed units. 
They are ideal for use on wire drawing 
machines, large machine tools, mixing 
equipment, sludge pumps, extruding 
machines, dry cleaning equipment, etc. 
Gears and pinions are Sykes 
Continuous Tooth Herringbone type, 
and shafts, bearings, clutches and hous- 
ings are of the finest quality to assure 
the user of long, trouble-free service 
... Ratings are according to AGMA 
Standards, with allowance for 100% 
overload in starting and for momentary 
shock loads; these units are also de- 
signed to permit the heavy overhung 
loads resulting from the use of sprock- 
ets or pulleys. 


Send for Catalog CSU-54, and kindly 
use your Business Letterhead when 
writing for same. 


el aliilreawrs (2x6 | 


AVE &G STREET PHILADELPHIA 34 PE 
INOUSTRIAL GEARS & SPEED REDUCERS 


LIMITORQUE VALVE CONTROLS 


FLUID AGITATORS: FLEXIGLE COUPLINGS 
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New Machines 





the use of heavy fixtures and 
clamps. The carriage is driven by 
a variable volume piston type hy- 
draulic pump in conjunction with 
a vane type fluid motor. Control 
of all machine functions is gov- 
erned by a servomechanism. Rate of 
speed, starting and stopping, inch- 
ing and positioning for unloading 
are controlled by pushbuttons from 
the operator's seat on the traveling 
wheel carriage. Speed of the car- 
riage is 10 to 100 fpm. Mattison 
Machine Works, Rockford, Til. 


Welding Machines: Heliwelders, 
available in 200 and 300 - amp 
models, are designed for inert-gas 
and metallic arc welding. Each 
machine consists of a single-phase 
transformer, selenium rectifier and 
stabilizing reactor, permitting the 
use of ac or de for welding. Rheo- 
stat-controlled high frequency is 
built in. A switch converts the ma- 
chine from inert-gas to metallic arc 
welding. Air Reduction Co. Inc.., 
Air Reduction Sales Co. Div., New 
York. 


Processing 


Wire Marking Unit: No. 245 
marking unit is designed for con- 
tinuous indentation marking of 
identifications on bare rectangular 
wire to °<-in. wide by 14-in. and 
round wire to 14-in. diam. It is 
equipped with two self-centering, 
adjustable guide rolls, a back-up 
roll and a 4-in. diam marking roll 
to produce an impression about 
every 12 in. With characters of 
1/32 or 1/16-in. size, controlled 
depth impressions are from 0.002 
to 0.003-in. The unit is free roll- 
ing and has a friction drive. It 
can be equipped with a mortised 
marking roll to hold single or mul- 
tiple-character steel inserts. Sep- 
arate sets of rolls are necessary to 
mark both flat and round wire. Jas. 
H. Matthews & Co., Pittsburgh. 

Paint Heater: Portable heater 
for hot-spraying paint is designed 
for applications where the painting 
equipment must be moved to the 
job site. The complete heater is 
mounted on a two-wheeled cart. 
With the unit a dense coat of paint 
can be built up, since a large 
amount of solid is deposited in any 
one area. Lower atomizing pres- 


sures can be used, to lessen air 
consumption. The hot spray proc- 
ess makes possible uniform coating 
and heavy film build, and is un- 
affected by seasonal temperatures. 
The heater is available with either 
3 or 6 kw heaters, the 3 kw model 
operating on 115 v and the 6 kw 
on 230 v. More than one spray gun 
can be used with the 6kw model. 
Fluid hose to the gun is equipped 
with a heat jacket through which 
hot water circulates to keep paint 
temperature constant. Temper- 
ature of the water in the unit is 
controlled by a manually set ther- 
mostat. DeVilbiss Co., Toledo, O. 


Testing and Inspection 


Temperature Test Chamber: 
Model TC-2A portable, self-con- 
tained unit is designed for pro- 
duction line tests of small prod- 
ucts such as basic instruments. 
electronic subassemblies and me- 
chanical components. Anticipator 
type thermostat provides accurate 
temperature control. Design in- 
corporates three-heat selection 
switch, welded aluminum construc- 
tion and glass fiber insulation. 
Statham Development Corp., Los 
Angeles, Calif. 

Gear Checker: Red Ring Model 
SIC 24-in. gear checker inspects 
spur gears up to 25'4 in. OD and 
splined parts for accuracy of tooth 
size, spacing, eccentricity and par- 
allelism. The machine accommo- 
dates spur gears and splined parts 
up to 11%¢ in. between centers. 
Slotted table surface positions the 
various checking units in straight 
line and right angle locations. In- 
terchangeable heads are provided 
for checking eccentricity and size 
combination, and _ tooth-to-tooth 
spacing. Parallelism accuracy of 
each side of a spur gear or spline 
tooth is checked by a double-indi- 
cator head unit mounted in front 
of the part being checked. Eccen- 
tricity and size are checked by a 
unit at the rear of the part being 
checked. Tooth-to-tooth spacing 
is measured by removing the ec- 
centricity and size unit and adding 
a tooth-spacing head. The ma- 
chine occupies a floor space of 60 
x 51 in. National Broach & Ma- 
chine Co., Detroit. 


MACHINE DESIGN 





eed 











XUM 


What every designer 
should know about 


THE ART OF 
GENERATING 


ok NATION 
£ OF INCLINA 
ANCL TTER-SPINOLE 


Generating offers designers many advantages in 
producing an almost unlimited variety of contours. 
Produced by the relative motions of points, lines, 
or surfaces, all generated profiles are combinations 
of two basic surfaces: curved and straight. 


Generating with a reciprocating cutter on the 
Fellows Gear Shaper is a low-cost method of pro- 
ducing a wide range of symmetrical or irregular 
contours, either internal or external. Gear Shaper 
versatility provides a choice of generating tech- 
niques—employing a cutter form conjugate to 
work shape, introducing a variable movement 
between cutter and work, or a combination of 
both methods. 





THE 
PRECISION 
LINE 






B 
ANGLE: 6 “F 
Fr 


ER-sp 





Shown above are some trim dies and the cutters 
used to generate them: three-sided cutters gener- 
ate the square holes and four-sided cutters the 
hexagonal holes. Cutter sides are curved surfaces 
conjugate to the straight surfaces on the dies. The 
drawing shows the steps in generating. A special 
bed tilting mechanism in the Gear Shapers pro- 
vides a simple adjustment for the 
required taper angle on the dies. 


Many other examples of interest to 
designers are shown in the booklet, 
“The Art of Generating with a 
Reciprocating Tool.” Just write any 
Fellows Office. 





THE FELLOWS GEAR SHAPER COMPANY 

78 River Street, Springfield, Vermont 

Branch Offices: 319 Fisher Building, Detroit 2 

5835 West North Avenue, Chicago 39 

2206 Empire State Building, New York 1 

6214 West Manchester Avenue, Los Angeles 45 






Gear Production Equipment 
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STANDARD BRISTOL SOCKET SCREWS. Pocket slide rule indi- 


cates size. 


Miniature socket screws for 
electronic equipment, instruments, 
and other small components 


At Bristol we're old hands at precision instrument 
making — know what the problems are. 


And we're also specialists in tiny, socket set and cap 
screws. They're standard at Bristol in sizes from 
No. 0 wire up to 1 inch in both hex and Bristol's 
Multiple-Spline socket in alloy and stainless steel. 


Precision socket screws have been a Bristol product 
since 1913. And we've been turning out miniature 
socket screws by the millions since 1950. In tact we 
originated the famous Bristol Multiple-Spline socket. 


Bristol Multiple-Spline socket screws can be wrenched 
up tighter and hold tighter than other socket screw 
types. Gear-like teeth in the multiple-spline socket 
transform all internal wrenching force into rotary 
power and protect tiny thin-walled screws against 
stripped sockets. 
Today’s automatic and semi-automatic production 
techniques pose no problem for Bristol's socket 
screws. They're used by the millions every year in 
instruments, computers, guided missiles and such 
competitive products as razors and cameras. And 
the new Bristol thru-broached socket screw for hop- 
per feed is even more in line with the trend toward 
automation. 

Find out all about Bristol socket screws. Ask your 
industrial distributor or write the Bristol Company 


direct. AB.NA 


Precision Socket Screw Manufacturers Since 1913 





' <3) Bristol’s Hex Socket Screws} Bristol’s Multiple- 

<> 1 Spline Socket 

. = _ ! Screws 
: - i if 
( GUIs U4 


*Made in sizes as small as No. 0 in Alloy Steel and Stainless Steel. Cap Screws up to 142”. 


THE BRISTOL COMPANY, Socket 
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NOTEWORTHY 


Two-Speed Gear Transmission 


Reversal of input rotation in a gear box design 
changes the output speed but not the direction of 
rotation. A section of the input shaft has external 
screw threads and carries a nut member to which a 
pinion gear is integrally mounted. As the direction 
of input rotation changes, the nut and pinion travel 
back and forth between two extreme positions. In 
one position, the pinion meshes with a gear mounted 
to the output shaft. In the other position, the pinion 
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drives the output gear through reduction gears in a 
countershaft arrangement. Direction of rotation of 
the output shaft remains the same for both positions, 
and directions of rotation, of the pinion. In addition, 
movement of the nut along the shaft actuates a lever 
brake mechanism which stops rotation of the counter- 
shaft and output gears to minimize “clashing” as the 
pinion moves into meshing position. Patent 2,718,161 
assigned to Bendix Aviation Corp. by Donald O. Nelson 
and Birt G. Blackman. 


Centrifugal Clutch 


A one-piece sheet-metal stamping serves as the 
basic power transmitting element in a clutch unit 
designed to engage automatically at a predetermined 
speed. Mounted to the driveshaft, a stamped spider 
member carries two molded friction shoes held loose- 
ly in place by guide tabs and a tension spring arrange- 
ment. As the drive shaft rotates, the shoes move 














MACHINE DESIGN 
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Compact, flange-mounted Type VS, Class 2 Gyrol Fluid Drive —1 to 25 hp. 


Typical Applications 
PUMPS, AGITATORS, MIXERS 


CONVEYORS, CABLE & 
ROPE MACHINERY 


FANS AND BLOWERS 
CENTRIFUGAL COMPRESSORS 
PAPER AND PRINTING MACHINERY 


TEXTILE MACHINERY 


American Blower 
products serve industry 


@ Air Conditioning, Heating, 
Ventilating Equipment 
Mechanical Draft Equipment 
Industrial Fans and Blowers 
Centrifugal Compressors 
Grol Fluid Drives 

Dust CoHectors 
Refrigerating Machines 


May 31, 1956 





- Why you should include Gyrol Fluid 


Drives in your plans for automation 


For one thing, Gyrol Fluid 


Drives provide adjustable, 
stepless speed control of driven 
machinery, using standard, 
constant-speed motors — with- 
out complicated electric cir- 
cuits or starting devices. 

Adaptable to remote, man- 
ual, or automatic speed 
control, Gyrol Fluid Drives 
are compact, self - contained 
units — requiring only the con- 
ventional flexible-coupling 
connections to the motor and 
load. They provide complete 
shock absorption, are easy to 
install in a variety of arrange- 
ments of driving to driven 
machinery. Why not call our 
nearest branch for full details 
today? 


Complete range of sizes—1 hp to 12,000 hp 


The Gyrol Fluid Drive line 
includes a complete range of 
sizes, from 1 to 12,000 hp. 
All save power through lower 
horsepower requirements. A 
minimum number of wear 
points cuts maintenance. 
And, because Gyrol Fluid 
Drives bring about reduced 
speeds and pressures, driven 
equipment lasts longer. 





Type VS, 
Class 2, sizes 
7¥2 to 800 hp. 





AMERICAN BLOWER CORPORATION, DETROIT 32, MICHIGAN 
CANADIAN SIROCCO COMPANY, LTD., WINDSOR, ONTARIO 


Division of Amenican - Standard 


AMERICAN ne | 
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Buy the PRODUCT. ,., Noteworthy Patents 


outward under centrifugal force to overcome the re- 
sisting spring action and engage a drum on the driven 
member. Frictional contact of the shoes and drum 
causes the shoes to shift sideways on the spider, 
engaging the end faces with lugs on the stamping to 
provide a positive drive connection. Speed of engage- 
ment can be readily adjusted to meet different ap- 
plication requirements by varying the tension spring 
size to provide different force characteristics. Patent 
2,718,924 assigned to Fairbanks, Morse & Co., by 
Werner E. Armstrong. 


Positive Displacement Pump 


Dual synchronized impellers increase operating 
speed and capacity in a flexible-vane pump construc- 
tion. The impellers are mounted so that the center 
ey distance between the shafts is less than impeller diam- 
“ eter. Flexing of the blades, which overlap and engage 




















WESTERN supplies the whole assembly .. . ™ 
saves you time money and headaches as they come together between the shafts, aids the 


discharge action. The impellers are driven in op- 
posite directions through gears, mounted to the end 
of each shaft, which are constantly in mesh and 
synchronize the action of the blades. Patent 2,719,001 
assigned to Kiekhaefer Corp. by Carl Knuth. 


The stainless steel assembly shown here is typical 
of mass-produced precision assemblies you can get 
from WESTERN. You need just one purchase 
order, and you get the plus advantage of central- 
ized responsibility. 


WESTERN supplies experienced engineering 
counsel plus the finest production facilities for the Adjustable-pitch sheave design for single and multi 
vs : a : = S c a 


manufacture of precision assemblies and screw . , : : i 
; ple V-belt drives permits effective pitch diameter to 


machine parts—from wire size to 434” round. We . — _ 
do the whole job including all finishing operations— be varied without shifting position of centers of belt 


heat-treating, grinding and pentrating. grooves. Locking of pitch adjustments is accom- 
; “ plished through a split hub which expands to grip 
For fact Gelivery, precision quality and sun cost put the sheave bores securely in position and also serves 

WESTERN on your production team. as the shaft mounting member. Patent 2,718,155 as- 


Send us your blueprints for quotations today. signed to Dodge Mfg. Corp. by David Firth. 








Overrunning clutch for application under fluctuating 
angular speed conditions controls engagement and 
disengagement through a pawl and ratchet mechan- 
ism. Clicking of the pawl during overrunning is 
eliminated by a torsion spring and rubber block as- 
sembly which minimizes separation of the pawl and 
ratchet teeth and cushions shock due to re-engage- 


Precision Parts and Assemblies Since 1873 ment. Patent 2,719,619, assigned to Deere Mfg. Co 
by Marcus E. McClellan and Arnold B. Skromme. 






The Western Automatic 


Machine Screw Company 


division of Standard Screw Company 


383 Woodland Ave., Elyria, Ohio 
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Base for the “Paper Mate” Pen case 
of Bake.ire High Impact Styrene 
Plastic extruded by Jet Specialties, 
: Los Angeles, Calif., and vacuum 

 - formed by General Plastics Corp., 
> West Los Angeles, Calif. 








“Paper Mate” selects 
BAKELITE Brand 


Impact Styrene for 


Lve-catching display package 


Styrene, giving good gloss without 





‘There are three important advan- 
tages for the Paper Mate Pen Com- 
pany in this attractive container with 
base fabricated from Impact Sty- 


costly finishing operations. 
Your package, product or display 
may call for this plastic or one of 











rene. It’s an eye-appe -aling display 
that stimulates impulse buying. It’s 
a sturdy package that keeps the pen 
fresh- looking and salable. And, the 
base is produced fast and at low cost 
by vacuum forming from flat ex- 
truded sheets of BAKELITE Impact 


many others; vinyls, phenolics, poly- 
ethylenes, styrenes, polyesters or 
epoxies. The best w ay to decide is 
to come to Bakelite Company where 
you find the greatest variety ‘and the 
largest resources key ed to your 
neods. Write Dept. QR-103 






BAKELITE 


BRAND 


PLASTICS 


See BAKELITE’S exhibit, booths #809, 813, 817, 825, National Plastics Exposition, June 11-15, 1956, New York Coliseum, New York 


BAKELITE COMPANY, 


A Division of Union Carbide and Carbon Corporation [[¥g 30 East 42nd Street, New York 17, N. Y. 


The term BAKELITE and the Trefoil Symbol are registered trade-marks of UCC 








NEW! 
| Explosion- Proof 
MOTORS 


CLASS | AND II LOCATIONS 


The new Peerless explosion-proof motor 
is Underwriters’ approved for refineries, 
gasoline bulk plants, paint factories, 
grain elevators and other Class I and 
II hazardous locations where explosive 
vapors, fumes or dust exist. Single 
phase and polyphase designs range in 
size from 1 HP to 30 HP. Motors have 
ball-bearing construction. They are 
cooled by air drawn across the motor 
toward the driven machine by an ex- 
ternal fan. Heat generated by the driven 
machine is not drawn across the motor. 
Our engineers, working with your en- 
gineers, can design any special mount- 
ings required to meet your application. 
Submit your requirements to Peerless. 
We'll help you select the explosion- 
proof motor that powers your equipment 
best. 


ELECTRIC MOTOR DIVISION 


tHe Peerless.Electric COMPANY 


FANS - BLOWERS - MOTORS - ELECTRONIC EQUIPMENT 
1520 W. MARKET ST. » WARREN, OHIO 
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Efficient 

engineering and 

drafting departments use 
VEMCO drafting machines 





because of such = a _ 
features as these: 


Automatic indexing for rapid settings 
Resilient scale chucks to insure firm grip. 
Flexible, for speedy free movement 
VEMCO Versatilt provides easy 
floating motion on tilted boards. 


See your VEMCO dealer or write: 
V. & E. Manufacturing Co. 


Department AM-2 
P.O. BOX 950-M * PASADENA, CALIFORNIA 
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PROTECTS this 8) Aas 

BOILER better f= c- 3h 
than any ‘¢/ 

other finish! 


SICON suicone 


HEAT RESISTANT FINISH 


@ SICON gray and SICON Maroon are used on all 
models of the “CB” line of packaged boilers, manufac- 
tured by Cleaver-Brooks, Milwaukee. SICON retains its 
color and gloss in the range of 500° F., far above the 
hottest skin temperatures of the boiler. 


SICON is easy to apply—one sprayed on coat does the 
job. It dries fast, and protects the surface for the life 
of the unit. If your product generates sustained heat 
you need SICON, the finish that has stcod the test of heat 
and time. Write today! Dept. E-9 


ENAMELS 
Industrial Finishes.. WH syntHetics 
WAUKEGAN, ILLINOIS VARNISHES 
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MAYLINE 
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MAYLINE 








MAYLINE 





MAYLINE 
Steel Plan Files 
Meet 
Specifications 





Mayline Steel Blue Print Files meet present rigid 
government specifications, and in accordance with 
those specifications, the 5-drawer units, caps, and 
bases stack and intermember. 


Additional features are described in Folders $-20 
and S-5. Have your dealer give you more details 
yond price. He can promise you prompt delivery. 





MAYLINE CO. 


601 
Sheboygan, 


No. Commerce St. 
Wisconsin 





MAYLINE 





aINITAVW 
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We Can... 


@ act as your precision gear department 


e keep your production line going 
smoothly without shut-downs 


@ reduce rejects, hand adjustments or 
other supervisory attention 


@ provide you with precise gearing for 
any purpose whatever 


e and do it with a strict adherence to 
safe engineering economy 


SPECIALISTS IN THE FINE PITCH FIELD 
Use our more than a decade of 
experience in Gear making, in any 
material, for America’s most partic- 
ular users of precision or commercial 
gears. Send blueprints or specs for 
prompt estimates ta 101 


FG 
PROCESS GEAR co., INC. 


4608 W. Fullerton Ave ° 


Chicago 39, Illinois 
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the specialist... 


TO YOUR Specitealions 


ERIE Bolts - Studs - Cap Screws + Nuts 


In Alloys * Stainiess « Carbon + Bronze 


Designers and engineers from every field 
of industry submit their exacting specifica- 
tions to us for special fasteners to resist 
corrosion, extremes of temperature, tensile, 
fatigue. impact, and shear stresses. For 
more than 40 years our skilled craftsmen 
have met the requirements of construction 
and farm machinery, of transportation, re- 
fining and railroad equipment, the heavy 
machines of industry, pressure vessels, 
compressors, pumps, in widely diverse ap- 
plications. We are prepared to serve you 
well. Send us your fastener specifications 
for prompt estimate. 


One OF THE 


12 


INTEGRATED COMPANIES 


BARIUM 


STEEL CORPORATION 












WORKING In 
STEEL, ALUMINUM 
MAGNESIUM, FIBERGLASS 


ERIE BOLT &€ NUT CO. 
Erie, Pennsylvania 
Representatives in Principal Cities 
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KOHLER 


ENGINES 


4-CYCLE* AIR-COOLED 





_ AQuality Engine for 
_ Quality Equipment 
Short Stroke 


@ Less Friction and Wear 
@ More Power 
® Longer Life 







Easy Starting 














_ oe 2.5 to 3.6 HP. 

| K160...... 3.6 to 6.6 H.P. 
/ K160 | Me00........ 7 to 11.8 HP. 2 
6.6 H.P. K660....... 12 to 26 H.P. 3 


| Full Power 


Kohler Co., Kohler, Wisconsin 
Established 1873 


KOHLER or KOHLER 


PLUMBING FIXTURES © HEATING EQUIPMENT e¢ ELECTRIC PLANTS 
AIR-COOLED ENGINES ¢ PRECISION CONTROLS 
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pe ADDED Ing red ! = 
Know Hoy SS 
..-HAS MADE . 














EK & BOCK 


/ WER PASE 


WIRE FORMS 
SPRINGS ) : 
METAL STAMPINGS y 


In Industry, in homes, farms and 


shops, you'll find daily, living proof ) 














that D-&-B’s KNOW-HOW pays 
out in EXTRA performance. Rely 
on expert engineers for parts that 
meet your exact needs and save 
you MONEY! Get Wire Forms, 
Springs and Stampings that are ba mn N\A 


easily assembled . . . that | 
S withstand stress . . . and = Available in all Metals — 


























perform under the most Finishes — Colors. Solid or Perforated 
trying conditions! 
Lens panel of this modern camera is aluminum RIGID-tex Metal 
pEEDY PP ELIVERY Pattern 2-DS. Its high strength and rigidity give excellent 
rs pe —— protection to the shutter mechanism...adds beauty too! 
WRITE — WIRE oie or PHONE See Sweet's Design File 1a/Ri or write us for complete information 
for Estimates and Delivery Dates 


DUDEK & BOCK 





RU RIGIDIZED METALS CORP. 
A | LYN, 6935 OHIO STREET BUFFALO 2, N.Y 






LY 
a 
SPRING MFG. co. ATS aigiDitEly Sales Representatives in Principal Cities 
DICKENS 2-1020 4014 W. Grand, Chicago 51, Ill. 
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NEW APPLICATIONS AND 
SAMPLES OF INDUSTRIAL 
FELT 


*made to S.A.E. and Federal | 


Govt. Specifications 





COPY TODAY! 


CONTINENTAL FELT 
fills hundreds of 
jobs daily. 














D-5 


| CONTINENTAL E' ELT cComMPANY. inc.ises 


22-26 WEST 15h Street \ > 


NEW YORK 11, N.Y 


— 


—ITEM 674— 


SEND FOR | { 
YOUR FREE | @ 


Ask for booklet | 





Sry HELIX 


BONDING AGENT R-313 
Pioneers in EPOXY TYPE 
ADHESIVES 
ENCAPSULATING COMPOUNDS 


COATINGS 


Write for General Catalog 


CARL H. BIGGS 


COMPANY 
2255 Barry Avenue 


W. Los Angeles 64, Calif. 





| | _with or 


| | or a 


May 31, 1956 


—ITEM 675— 


For More Information Circle Item Number on Yellow Card—page 19 





EXTERNAL THREAD? 


with insert 
molded in 
> 
© 
or ” 
INTERNAL THREAD? 


MOLDED THREADS? 


& 











with insert 
molded i m 


















on holders 
and caps 








BRUSH CAPS TO FIT? 


ay 


Many 
Stock Sizes 


Internal or 
External Thread 











MOLDED COMMUTATORS? 





b Complete Range 
of Stock Sizes 


O 


Send Blueprint for Quotation 


e . GURNEE 
‘eat 98 
ILLINOIS 
AND MANUFACTURING COMPANY 


Chicago Phone: Dickens 2-O777 ~—==[}+—- — 


Gilt 











Long Distance: ONtario 2-1320 











PLASTICS .- Trootinc - COMPRESSION - INJECTION 
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* WINZELER 


SLampe a Ye 








Get Greater Accuracy In Your Stamped Gears 


EACH WINZELER STAMPED GEAR, in runs of hundreds 
or thousands, equals or surpasses the most exacting speci- 
fications. They invariably cut assembly time, and costs. 
Mechanisms run smoother, sweeter, longer. And users 
like the quiet, dependable performance of WINZELER 
Geared products. Send along drawings, specifications, 
quantities needed. Let our capable staff help you. 


SEND FOR useful 4-page folder ..a valuable Stamped Gear 
guide. Gives technical data, tables, ideas, sugges- 
tions, descriptions of many types. Use company stationery please! 





WINZELER MANUFACTURING & TOOL CO. 


1712 WEST ARCADE PLACE, CHICAGO 12, ILLINOIS 
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Imperial 


tHe would yore 


TRACING CLOTH 






In drafting rooms throughout the world 
Imperial quality is the standard by which 
fine tracing cloths are judged. This has 

been true for decades, and Imperial 
remains the finest tracing cloth be- 
cause its makers have contin- 
ued to improve its 
quality and 
value. 
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design data 
REPRINTS AVAILABLE FROM [MACHINE DESIGN 


Listed below are 18 different reprints of major 
articles which have appeared in MACHINE 
DESIGN .. . each a valuable supplement to 
your “working” library. To get your copies, 
simply indicate the desired number in the box 
opposite each title, fill in your name and ad- 
dress below, and send this form to MACHINE 
DESIGN Reader Service, Penton Building, 
Cleveland 13, Ohio. (Remittance enclosed will 
insure faster handling of your order.) 


USE THIS FORM TO ORDER YOUR COPIES TODAY! 


Number Price Per 
Copies Copy 
(___) DIRECTORY OF MATERIALS—18th Edition $1.00 
(___) PRODUCTION CHARACTERISTICS OF ENGINEERING 

METALS 1.00 
(____) ADJUSTABLE-SPEED ELECTRIC-MOTOR DRIVES 1.00 
(____) MECHANICAL ADJUSTABLE-SPEED DRIVES 1.00 
(____) INTERNAL COMBUSTION ENGINES 1.00 
(___) NONMETALLIC GASKETS 1.00 
(____) QUALITY CONTROL METHODS 1.00 
(____) WHY MACHINE PARTS FAIL 1.00 
(___) STRESS ANALYSIS IN DESIGN 1.00 
(___) MULTIPLE CIRCUIT SWITCHES 1.00 
(____) ELECTRICAL CONNECTORS 1.00 
(____) TRANSACTIONS OF THE FIRST CONFERENCE ON 

MECHANISMS Free 
(___.) TRANSACTIONS OF THE SECOND CONFERENCE 

ON MECHANISMS 1.00 
(____) MECHANISMS FOR INTERMITTENT MOTION 1.00 
(____) POLYDYNE CAM DESIGN 1.00 
{____) PRECISION GEARING 1.00 
(___) EVALUATING ENGINEERS 1.00 
(___.) ENGINEERING MANAGEMENT 1.00 


Reader Service 
Penton Building $ 
Cleveland 13, Ohio 


TOTAL COPIES 
_TOTAL ORDER 
~] Remittance enclosed ((] Please bill me 
NAME _ 

ee _— . . ia 

COMPANY _ ee... 
a 


CITY ZONE STATE es 
(Add 3% to all orders for delivery in Ohio to cover State Sales Tax.) 
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ENGINEERS 


AVAILABLE OR WANTED 











WANTED: Mechanical Engineer for design and development 
work on rotary positive displacement pumps. One of our 
clients, a prominent, progressive Chicago manufacturer has 
requested us to locate qualified candidates for a position 
which has exceptional potential for advancement. Interviews 
can be arranged in your vicinity. Reply by letter only to 
Fred H. Ebersold. Inc., 20 N. Wacker Drive. Chicago 6, Illinois. 


WANTED: Important teaching positions open in Israel. Tech- 
nion, Israel Institute of Technology in Haifa, proposes to 
appoint: Professor of Structural Engineering, Professor of 
Hydraulic Engineering, Professor of Mechanical Engineering, 
Professor of Mechanical Engineering, with special qualifica- 
tions in Machine Design and Applied Thermodynamics, Pro- 
fessor of Electronics, Professor of Aeronautical Engineering. 
Professor of Mathematics and Professor of Basic and Indus- 
trial Design. Applicants should have first-rate professional 
and academic qualifications, be willing to integrate them- 
selves into the life of the country and, in due course, to 
teach in Hebrew. Applications with full details should be 
sent in duplicate, for transmission to Haifa, to: American 
Technion Society, 1000 Fifth Avenue, New York 28, New York. 





Q 


WAT acker- “H™ urner 


FLEXIBLE SHAFTING 
Put it right up to our engineers to show you 
why W-T FLEXIBLE SHAFTING belongs in your 
product designs! 










If you haven't considered W-T Flexible Shafting 
for your product designs that involve unaligned 
power drives and remote controls, you're missing 
some really BIG advantages. With W-T Flexible 
Shafting, you can eliminate complicated miter gears 
and many parts — and make your products more 
compact. You'll also cut down costs appreciably. 

We're ready to prove that. Name your problems 
in power and control transmission, and let our 
W-T engineers go to work on them—without 
any obligation to you. Send the coupon today 
for FREE W-T Catalog and Data Sheets on Flex- 
ible Shafting. 


3 WALKER -TURNER 
INCORPORATED 


ANVARUARAEARAN 





ARAAARARALARAMAA 








a 
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HUA AANN AURA AAA AAVRRUAROAQAA RACAL ANQAAAGANERD ARLALANNA ARRAN ERANRNNUNN NE EAULANL RELA ERBRA PRUDENT ET ERHRERS 











EARING 
RONZE ; 






Words cann.t describe the advantages and the superiori- 
ty which BEARIUM METAL offers over all other types of 
bearing materials. Only when you use it under the most 
difficult operating conditions can you appreciate its amaz- 
ing superiority. 

So, if you have a bearing application which involves 
high speeds, poor lubrication, excessive loads, elevated 
temperatures, dusty and gritty surroundings—or where 
a liquid other than oil must be used as a lubricant... 
BEARIUM METAL will prove to be your best investment. 


THE SECRET OF BEARIUM 
METAL’S superiority is due 
to the uniform distribution 
of microscopic lead particles 
within the copper-tin grains 
rather than between the 
grain boundaries—as_illus- 
trated by these two photo- 
micrographs. 





Ordinary Leaded Bronze 


BEARIUM FEATURES: Non-Seizing and Non-Scor- 
ing * Long-Wearing ¢ Self-Lubricat- 


Bearium Metal 


ing * Low Coefficient of Friction * High 
Compressive Strength ¢ Resistant to 
Shock Loads * Sound, uniform structure 
* Free-Cutting. 


AVAILABLE IN: cored and solid bars + 
centerless-ground rods * machined parts 
* pattern castings. 


METAL 


Tell us your requirements and we'll 
gladly furnish complete information. 


: Walker-Turner, Inc., — Plainfield,,New Jersey: 

(] Please send me FREE W-T Flexible Shafting Catalo; 
{Cl Please send, me F | g Catalog BEARIUM METALS CORPORATION 
: [] Tell me more about your engineering service. 266 State St., Rochester 14, N. Y. 
, oe TITLE — 
5 eee WEST COAST AFFILIATE IN CANADA: 
;. ee ee a ae NEVIN ENGINEERING ASSOCIATES BEARIUM METALS OF CANADA, Ltd. 
g srreey ———_________ a 932 Chautauqua Blvd. 155 George St. 
: — _ ZONE —___—- STATE Pacific Palisades, Calif. Toronto 2, Canada 
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Nordberg Manufacturing Company uses full round 
solid bushings of Alcoa® Aluminum in big gas burn- 
ing radial engines. The record: over 20,000 hours 
without failure. 

Bearings and bushings of Alcoa Aluminum have 
a truly superb performance record as compared with 
bronze and babbitt because aluminum has an un- 
matched combination of advantages. 


Highest load capacity —Only aluminum can be used 
for solid bearings in heavy-duty service. Load capac- 
ities go as high as 10,000 psi on projected area. 

20° cooler running— Aluminum bearings run up to 
20° cooler than conventional bearings because of 
aluminum’s excellent heat conductivity. There’s less 
danger of seizure, burnouts. 

Excellent conformability — Ductile aluminum con- 
forms readily to any misalignment. This reduces unit 
loading, makes bearings last longer. 

Handles dirt well—Dirt particles readily roll out 
of aluminum bearings. Aluminum embeds better 
than bronze, not as deeply as babbitt. 


No corrosion problem— No protection coatings are 
needed on aluminum and there’s no worry about 
corrosion from oil additives. 
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No failure damage— With no hard backing materi- 
al, solid bearings of Alcoa Aluminum cannot cause 
shaft damage in event of bearing failure. 


Great design flexibility— Alcoa bearing alloys have 
good structural properties, too. You can design con- 
necting rods that need no bushings, water-cooled 
bearings with integral cooling passages, full- 
floating bearings. 

It will pay you to learn more about cast bearings of 
solid Alcoa Aluminum. Check your bearing manu- 
facturer or write: Aluminum Company of America, 
1986-E Alcoa Building, Pittsburgh 19, Pa. 


C4 
=)... THE ALCOA HOUR 
/ acreenat 


UNDAY EVENIN 


Your Guide 

to the Best 

in Aluminum 
mire PRODUCTS Value 


- awensce 


@aco*® 
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The articles listed below have been reprinted from Process Gear Co., Inc 197 
MACHINE DESIGN and are now available at no charge Purolator Products, Inc 2% 


from the Reader Service Department. 


1 WHEN TO SPECIFY SPECIAL MOTORS Redmond Co., Inc 185 


Reeves Division, Reliance Electric and 


by Robert C, Dobbin : “ 
The factors in deciding whether a modified standard or custom- cagseing Se > os 
. : . : . : ‘ Reliance Electric and Engineering Co., 
designed motor is practical and economical for a particular prod Sieeee Gidhien 48, 49 
; 9 9 
uct design. (20 pages) Reuland Electric Co. 25 


2 GEOMETRIC TOLERANCES Revere Copper and Brass Inc 2 


Rigidized Metals Corporation 


by H. Blye 
A plan for their simplified specification on drawings, and a Roll Formed Products Co. 35 
Rollway Bearing Co., Inc. 205 


recommended schedule of standard and special-quality limits 
(10 pages) . 


3 3-D MECHANISMS 


by F. R. Erskine Crossley & Frederic W. Keator 
Discussion of basic types and characteristics, and analyses of 
dimensional and velocity characteristics of ‘conic quadric” link- 


Ross Operating Valve Co. 1 
Russell, Burdsall & Ward Bolt and Nut Co 37 


Saginaw Steering Gear Division, General 


: ; Motors Corporation 53 
ages. (11 pages) Sandusky Foundry and Machine Co. 163 
4 DESIGNING BUILT-IN LIGHTING FOR MACHINES Sharon Steel Corporation 7s 
by Robert C. Rodgers Simmons Fastener Corporation 68 
Pertinent background data and an outline of specific steps in SKF Industries, Inc. 66 
the process of designing for the most economical, practical and Smith, A. ©., Corporation 44, 45 
effective built-in lighting. (16 pages) Speer Carbon Co. 182 


Superior Tube Co. 46 
5 MOTOR CIRCUIT PROTECTION pr onellpe lla 
ynthane Corporation 76 
by G. W. Heumann 
Selection of conductors—Protection against overloads—Short- 


circuit protection—and Safety in hazardous atmospheres. (16 
Tennessee Coal & Iron Division, United States 


pages) 
Steel Corporation 67 
6 GEAR DIFFERENTIALS Titan Metal Manufacturing Co. 157 
by G. W. Michalec Twin Dise Clutch Co., Hydraulic Division 32, 33 


Definition, analysis, types and applications of gear differentials 
. Common designs, functioning errors, testing, practical de- 


sign factors and commercially available units. (19 pages) sitesi Cake eink Mentiin: Manila 
7 GEAR LUBRICATION a ~— 
Unitcast Corporation 166 
by S. Kyropoulos : 

; , ; ' ited Fast Cc at 70 

A summary of the whole area of gear lubrication, with special United-Carr Fastener Corporation 

: : : : : . | United States Graphite Co., The, Division of 

emphasis on lubrication of higher capacity types of gearing, The Wickes Corporation 170, 171 
and on unusual operating conditions. (15 pages) United States Stee! Corporation, Subsidiories 67 


8 DESIGNING ALUMINUM FORGINGS mona... 


F United States Steel Supply Division, 
we ™ a — , : States Steel Corporation 67 
A review of designing aluminum forgings for heavier presses 


alloy selection, draft angles, fillet radii, parting line location 














and tolerances. (9 pages) 

V. & E. Manufacturing Co 196 
heheheh eeetetteeteteteieteleteieeeete Veeder-Root Inc. ad 
' Please send me the reprints as indicated. 1 : Vickers, Inc., Division of Sperry Rand 
: eh a ; , P : ‘ Corporation 187 

understan ere is mo charge for copies as i we . : 

' Virginia Gear & Machine Corporation 190 
; READER SERVICE long as the supply lasts. ; 
' . . 
1 Penton Building : 
' 
; Cleveland 13, O. ; Wagner Electric Corporation 52 
' Circle th int NAME ; Walker-Turner Inc. 201 
: weaed © reprints 1 Warner Electric Brake & Clutch Co. 64, 65 
; you want nme : Western Automatic Machine Screw Co., The 194 
$ T 4 Western Felt Works, Acadia Synthetic Products 
' 5 : Division 
' 
: COMPANY : Wheelock, Lovejoy & Co., Inc. 159 
: 2 6 1 Wickes Corporation, The, The United States 
: 1 Graphite Co. Division 170, 171 
: 3 7 ADDRESS - ; Winzeler Manufacturing & Tool Co. 200 
' ' Worthington Corporation 1740, 1746 
ry ' 

' 
4 8 city ZONE STATE 1 
' ' 

' Engineers Available or Wanted 201 
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Rollway Maximum 
P Bearings are used in 
Lapointe Broaching Machines 


Rollway roller bearings regularly offer performance 
capabilities for more than the needs of today. They are continuously 


anticipating the operating requirements of vears ahead. 
Wherever bearing precision and load values are important 


ROLLWAY 


Maximum 


ROLLER BEARINGS 





in your plant or products — for original equipment or replacement 
service — call on Rollway bearings of the future, to give vou the utmost 
performance in your machines of today. Rollway Bearing Company, 
Inc., Syracuse 4, N. Y. Manufacturers of a complete line of radial 


and thrust cylindrical roller bearings. 


ENGINEERING OFFICES: Syracuse * Boston - Chicago * Detroit - Toronto * Pittsburgh + Cleveland - Milwaukee « Seattle * Houston * Philadelpia * Los Angeles + Sen Francisco 
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Welsbach High Pressure 
Service Gas Valve with 
Revere Arsenical 
Bronze Stem. 
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REVERE 


Deep-Drilling Brass Rod 


Increases Tool Life over 
200% for Welsbach 
Why not try it yourself? 
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In the manufacture of valves the Kitson Division of The Welsbach 
Corporation, Philadelphia, Pa., has to deep-driil brass rod. Originally 
the rod was free-machining brass. However, when Revere discovered 
the extent of the drilling it was suggested that our Mixture 252, 
Deep-Drilling Brass, would be preferable. This was tried, and the 
machine shop foreman reported that tool life was increased over 
200%. In one item it is possible to bore with a single operation, 
against the former practice of withdrawing the drill three times in 
order to clear the chips. Revere’s Deep-Drilling brass produces 
very small, easily cleared chips. 


Another item is a high pressure gas valve, with a cast body and 
brass rod stem. The rod was changed to arsenical bronze, which 
costs a bit more, but it ended flaking and galling between stem and 
seat, and materially reduced rejects. Still another instance of Revere 
service concerns a hot water heater relief valve. The original model 
was cut out of bar stock. We suggested a high leaded brass tube, 
hexagon outside, round inside. This greatly reduces machining, has 
a better surface, and a better seat. Costs more by the pound, but 
saves more by the piece. 


Revere salesmen and Technical Advisors are always glad to 
collaborate in seeking ways to save money and improve products. 
Perhaps we can help you! 


REVERE 


COPPER AND BRASS INCORPORATED 
Founded by Paul Revere in 1801 
230 Park Avenue, New York 17, N. Y. 
Mills: Baltimore, Md.; Brooklyn, N. Y.; Chicago, Clinton and Joliet, LiL; 
Detroit, Mich.; Los Angeles and Riverside, Calif.; New Bedford, Mass.; 
Newport, Ark.; Rome, N. Y. Sales Offices in Principal Cities, Distribu- 
tors Everywhere 


Welsbach Emergency Gas 
Shut-Off Valve, automatic. 









Pressure Relief Valve 
for water heaters. 
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Welsbach Temperature- 
Pressure Relief Valve. 
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Farval automatic system lubricates a 


Centralized 


worlds largest forging press at Alcoa WM ciivccin 
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@ Pioneer in lubricating presses of all sizes, Farval was chosen to lubri- 
cate this 50,000-ton Mesta Press installed recently in the Cleveland 
works of the Aluminum Company of America. 


With equipment of this size, the importance of a lubrication system 
increases many fold. It must be adequate. It must be dependable. It must 
function without shutdown. Farval fills the bill—delivering oil or grease 
unfailingly, in exact amounts required whenever needed. The press is 
protected, man hours and lubricant saved, guesswork lubrication 
eliminated, steady production maintained. 


You will find Farval representatives ready to serve you in all major 

industrial centers. See how Farval pays for itself many times over—write 

for Bulletin 26-R. The Farval Corp., 3287 E. 80th St., Cleveland 4, O. 
Affiliate of The Cleveland Worm & Gear Company, Industrial Worm Gearing. 


In Canada: Peacock Brothers Limited. 
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KEYS TO ADEQUATE LUBRICATION— 
Wherever you see the sign of Farval—the 
familiar central pumping station, valve 
manifolds, dual lubricant lines—you know a 
machine is being properly lubricated. 


The Farval central stations, visible at lower 
right, serve this 50,000-ton forging press. 
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CUTLER-HAMMER 
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GRAY OPENSIDE HANDYMILL 
MADE BY G. A. GRAY COM- 
PANY. EQUIPPED WITH 
CUTLER-HAMMER THREE- 
STAR MOTOR CONTROL AND 
HEAVY DUTY OIL-TIGHT 
PUSHBUTTONS 
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MONARCH MODEL 21 MONA-MATIC LATHE WITH AUTO. 
MATION BUILT BY THE MONARCH MACHINE TOOL CO, 
EQUIPPED WITH CUTLER-HAMMER THREE-STAR MOTOR 
CONTROL. 


ROCKFORD COMBINATION 
PLANER & MILLING MACHINE 
BUILT BY ROCKFORD MA- 
CHINE TOOL CO. EQUIPPED 
WITH CUTLER-HAMMER THREE- 
STAR MOTOR CONTROL AND 
HEAVY DUTY OIL-TIGHT PUSH- 


BUTTONS. 





MODEL TK CONOMATIC AUTOMATIC LATHE 
MADE BY CONE AUTOMATIC MACHINE COM- 


PANY, INC. EQUIPPED WITH CUTLER-HAMMER 


THREE-STAR MOTOR CONTROL AND HEAVY 
DUTY OIL-TIGHT PUSHBUTTONS. 


Look te the Stars 


Persistently accomplishing yesterday’s ‘timpos- 
sible,’’ leading machinery builders regularly pro- 
vide their customers with new opportunities, 
finer precision, increased production, higher 
efficiency. Basic to such. leadership is an unend- 
ing search for anything new that is better . . . new 
materials, new methods, new components. Prog- 
ress must involve change. 

There is much mearting in the broad swing to 
Cutler-Hammer Three-Star Motor Control and 


Heavy Duty Oil-Tight Pushbuttons by the lead- 
ing builders of all types of machines. Such ac- 
ceptance can come only through careful compari- 
son that proves a definite superiority. Look to 
the stars for leadership. More than ever, 
Cutler-Hammer electrical equipment is the mark 
of better machines. CUTLER-HAMMER, Inc., 
1310 St. Paul Avenue, Milwaukee 1, Wisconsin. 
Associate: Canadian Cutler-Hammer, Ltd., 
Toronto, Ontario. 
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